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cohn t rue t l>->n a l<fn<<tt# » hut comhinat ions of these basic elements are 
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f€ f furred r . u h = = -/ - - w-m- f s >1 ini 1 1 :t t f?4 to ftlf-l'l r h I bonds 

in dramatic mproytmefit; in reis t stance against «wt||«r^i€iu€.ii 
flit im&iv-i 1 Ion * 

it £h€r«H'*r*' bn cum § mi for FSA activity to identify t $tid : 

validate ct:H‘t la and w&ath&r ^stable interficial chamical bonding techniquef 
lot enici-jp imj ti&ttd photovoltaic modules * The first MSA report on chemical 
bonding technology {Rtf « raitea ?) wn published in 8ept™ber# lf?f t and tht«* 
the '.gcoMd report # it i ititui ft ii th.fea fniif Me trio hi : 

Section I briefly d# f init t. 0 fii and eaaentia l de$t*f i p t lout of ch "leal 

bonding for render not familiar with fbe tub jtel | Section I! *§ am updatr * 
lifting * tbtmital bonding agents and an account of per formant*? taatinr to 

i ! II 1 1 " | : I > I ■ t i , I n 1 1 1 d I! i : t i b e i x m. i < I * 1 1 s i I ! i e o r i i ? 1 1 pb y ■ i r ! ■ n i c Hu ■ ? 1 . 

iitli See f i. op !■¥ proitmti In iel ly tome cii the process! nc ce moderations relevant 

te t he t - u mu f I o ft o £ j 1 mag due *b 1 u inter Cue it 1 bond t in I H f re? d u le t ^ 


S ♦ BAS IC PiFISITlOiS 

C^epicii bonding -^n divided into !:ht ^ c t f i* ei h eeii 

scllnrii Vf i t coupling iitn-nl §■ * iml p? s , he f i fund tic follnwi % 

Ad pp i; tyc i A r-tp" fill log mttericl between r^o rigid (solid! /idherende 
{Figure 31 taeh it ilt«l and wood, gla#i and plastic filmic the: 

ndh «§ t i vt f iih«B i;ffi lid #. ' i I flirli ar viscous to facilitate f i. 1 1 i n f : of |b« 
gnp uui-le i cope gi uiuip ;? i.nh to a di ieve uni form spread truer the imr :f iiei; i 
of the aoltd edhet nn4i# 'the adhesive will later lose ita fluid f low 
propert m& dt¥tlo-.p «€$ha*|i ml to ugh ne a a « either by cooling* if a ho! 
m 1 f ? m by %ti : iig- iuiil ‘to- be come a theifiioiiei: f: ing tnleiii trailer or fiilti* 

I nit r 1 1 i c i a I a < ! 1 1 1 •■ s i n n a t l, h e a d h e a i. v e ^ a d h e t e nd i o ii e r f i c e c it n !:i t 

.g€ ; tebl : .i : #:bt4 by iftt-ecting imtem fbet phyi : i.€.^1 i,ii tphybiciil 

baudi?e/) ? Icy mnIrCiilar penetration, and/or by primary c-he-Pice I ho ad a 
b r icif i ag t ha ui p^sivin-adhitrencl interfaces * 

Cmipllai A^tntt -A materiel that is positioned at the ed’heiive^edherrnd 
intefletf-# and • hat ti chemically reactive with both fit# adhesive ilficl 
: u i h - r ^ : 1 1 4 t o i 1 1 * n e i ■ a r t ■■ j i r I m b r y c h e n i c a i h n n d a b r l d g I. n g t h a u c! ii e « v m ^ 

edh trend interface i%m Figure 4), For two different solid mAmmM 

wib% a mwmm gnp- filling idhesive between them.,, two different ccniplini; 

mitcliai to each edhesi ve^adherend Interface iitf hm mMmim-i*: In 

ic ,pp - - --- - %$mnt rifiiil' on 1 y be a wuujrr-Pec ulmr-ibick layer 

I>p t the idheiive and adherend ^ : ii it : i fysetleti. ii cliimleaT Widgitig.* 

Fr g«r ; A coupling agent dissolved in a volatile solvent^ Uiaally M i. 

- : -itr/irum Ce.iy, I t;ci S wt 11. f tci :ae!ii#vt. a- very thip'lf 






gaps fit tm mm 

All OR CON TAM I N A N T$ 



• <• 3. fcepreaentat ion of Two Won -Corn forming Solid Surfaces in Contact 
«!tb Each Other t <*} in fcb* Absence of Mheaive Mater iat.*- 
leaving Gaps That Gait- Fill With Mr or Gofttamihanta, and (b) 
with Cap-H I ling Adhesive Present 


deposited imym of the coupling agent on a surface , Soaetlwts coupling 
agents need catalysts , reaction promoters , or othe chemical compounds 
to facilitate inter facia l chemical bonding, lb#** ««c*tiatf ingredient* 
irf? /il vi ,1 j « solved in the primer sol vent at a concentration ch«mlca 1 1 y 
relattl ts the coupling agent. (Aa ahowfi its Section III* coupling 
agent* bated ailane chemistry are being irtveitigattd for ISA 
".rtcapaulat Ion interface* . In many cases water l» needed a# a reaction 
promoter end consequently will be used as « primer ingredient in many 
systems . } 
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ENLARGEMENT Of ATOMIC - SC All 
GAP BETWEEN THE ADHEREND AND 
THf ADHESIVE 


f I., gy to 4 * Sch emit i c: Illy st rat i < m m f Che mi en 1 1, y Bonded In? € i f ace 


In pr a.', trice ^ it could he a. property of an adhtmivr and an aifn rand to 
form r hemic** bonctu across thair interface naturally* but if It is. noth* then a 
p rope r 1 y in 1 ec f ad pr isif to lut i -n *i*ut> t be cited * If § ucfi a saint icrri It ti sad * 
it N a practice to deposit it on the solid ttdhetend *urf*c«(^K 

ill t ii t mi t: i. ve 1 y % t h a c on p I i n g a g e tt c ( mid i t s ne c e e a a r y \n$ r n d' i e n 1 1 ) c cm 1 d Ini 
d I § p i : f a a A I I § f: fi the ii db i? s i vt wit t a r i n ! * t o ge rta r ti t # a s e I f - p r i m i ng tilth ii n l y e , 

Wliii ft f ii n b a n ii d ti i * 1 1 1 v e i s n p p I i e c! f: o a n a d h e r e n d * t b € c o y p ! i n g a g e n t: m i § r n t n i 
to- l;:lit Intariaoa to estifcl.ish the inter facial chemical bonding. 

1 ## mi -oft the foregoing definition :#f iti- illtits a potflilt in a fl 
mod u Its can be com id# red to be inch a material* In the sense that the poll ant 
f i 1 1 a t be ga p b e 1 0 % eti solid f ront and liitgl, iii mpMu 1 a t ion mater i alt iiiil t h n t 1 1 
4«v# lofi isicteM i ca. ! toughness during thl liit.f.iiig rtagei ot f Arioat-loii^ 

If ii pmutnt and an adhartnd inch ii glass do not naturally form interfaci a ? 
a i i & i c i 1 bmnd i : f then m s. pp r o pr i a t m pr i tsar needs to be identified or #e ve 1 o pt i « 
As i!t own in figures 1 an# f t tta : poltrmfif. in a module achCivea mutual contact 
wiry tyy my y>r Ity of all yChmr encap^utat Dm materials as well is the swtar 

c: a 1. 1 s ii w c! s. 1 1 o i it : ! :l n l e c t r I c n 1 c i r c n I, t i i; y , f S A. e m ph n § i i :l n i A m n t i f i e ii t i o n n rid 

eleve ! opiTwot of prime zb m iiriotM ;t# til# potttiit^ Since the pot t ant 

irrnmriaU in its current uie f with all of ill aiBociated primer a ^ has been 
found to lie an aifct miv« : y li li- to tMimini: thn fotifitifl of 

th i s mater mi! for adhesive application in other mem of the modnlcm For 
example^ an adhesive in tmmAmi to bond wfi4/tie^pi|wnt€c! plastic film back covers 


€ 



if# a fifi#3U If primer § have ken 14tmfelfl«4 or in## lopti for 

eti-iiiii i f 1 1 1 v boni im$ it p oil mi to plm % i £ *» f I lit I rant .own * and to tali# 1 1 
i ! • : ir ^ on * them the pat taut and these printers can be rivet t intend a§ am 
and primer ifllt ns for rliit back, .eiiiit ami mil# Mimlu. Ai ■iioroi- lii 
ib ::tioti III, ilii i^prpaeh ft#§ sorted far seven! buck -cover and panel 
I nt r*r fuc 1 1 * 

!ijf^ t the surface of a solid adit# it end 4ci*§- mot maw# tfi# ptmipeir 

, ,. ||.||. ; m ; -| g r f y f o: # 0 fii: cfeii# I c' a 1 It o n4 $ with a cfi#it 1 c n 1 1. ¥ reactive & #h.M- i ■ if# t p rljiiiir , 
lit; C'H;ng, il; i *- occuri ijfi ?V app 1 tent trmii with the 1 awnoi 1 inf; tart an# 

^ctng? l-lhuil oh : 1-3820 ip* lib Theta i« -coat imf-s contain. chemical groups 
|fi#i will readily with die surface of glM&M to form chemical bonds for 

%iron%* durable at i :i, o-r , : rhiiiir aaiii i mil lititi * fei >v* -o- * -ucyyy- ! i : o-r^ : r. Iv 
- i t : h M r f I a r and T#i ! mt p l.as fib It Imt *. 1. c wa s f on mi that: the chemical a f: t a eh - 

m#pt of 1-ltM to fetflidf and tit a# of L»* t 668 to leilar* was weak Inference d* 
l#en t ore * f#f fhM.tt specific coatings* trlit surfaces of the plastic film »#» 
trear.ee! with atone to generate polar groups tor enhanced cho&i«r*l reactivity 
m t thnrefro;^ chemical art nr h went « Ikit technique worked well* thin 

s . r : ; on - ; : t oil! h| i n g. t ? : c I vn q u i c a 1 1 1 . 4 s i % i: f m r 4 : a < I 1 y a I u u 1. « h a a on i a 4 e e n n a : " 1 - 1 
##• 1 11 f ch ' ' v - - ' * i H n g coalings on pi.® |,I.C: f £ Jilt 

f'd- ; bn n i co i : v y t h « a t: r 6 ng th of am licihe & 1 we bo rut i§ \t t oc! ijb 4 e r dry 
rottdif 8 ; ' h ,. b'd in ^ j t do • ^ appl d tin* real of a, it 

bond tetolti f ram b- i . ; - ' ; T It % 0 mA- t-fc-r 0 .fi jj. under wet additions* 

Idliiriri wet f the simple criteria, of bond qua In tv am t-rat the Hood 00! parti do not 
nli ly eenara- ; ' t -mi- thnj be 1 urnble bond -tren/tb* greater thin 

?cto* Generally, wet bond -t ifttb will he Imree than dry atrer-|th, 

wl 1 1 < 1 1 i,:i mt. 11 c of 1 cor r 1 a i 1 o : ; o as the w e t boo- 01 rength is i n f 1 1 c I # n t. t o h # ! d 
the parti tw/"t;b*/r agaiinife ^ he encount-r^ in "ervice, the 

best 'omdlrtmfl wh ild tie that: ’both ww n nd dry failure are cohesion , 

Im - vn : -jftt 1 "'R foie durability of a cht;*n : illy banded interface^ 
wi fcfet bonded * v item can be omertid in water lit ireim ipd fcih^ 

|M:U' I orooh of # wet sample measure., periodically* A cte&r failure is ready 
-'perarbm oi the bonded parts Caere peel strength soccers ill canddfr^d to 
he c oh e # I ve failure^ e v e n after s 0 v e n iaf-i * Hi# : gf If if #:#; if or 111 eeiefitig 

(I li t a b 3 1 1 1: f g o.c! § # f y i c o " I i 1 o tr 0 p o o 1 2 . r 1 . o o 1 e 1. 0 . t o o to a 4 h n- i. v n f : ' a. 3 !. y t o ?. o vH 1 0 h 

t h o 1 e v e 1 a i f *■* 1 1 nix eogth i § intertm ii : ate between ze tq. and: th# c oh e b i v e v a 1 ue « 
There is tf rength & fill# 'bond » buf it is diffibhl# bo- m.sa. th«. iit-fi- |m. 
p:eUi.cfuig outdoot lif« because ;oth#f fbinge, if i M |iot Miftbiifi how th# 

feotid $ 1 f #:fij fc h #ii|ia : i.# iwi.ll ehai;g# over a 20 year Ilf#* 

Eipoi i.cti. ct with bond do rob 1 lily indicates that: under wet c end i t i e ? or 
e k foiri y r e to noiii !: a! pumphm res nt high temperatures and hnmibit 1 e s # flit 
strength a! the bonded interface genmrally decay 1 logar ifchmicaliy, with the 
riito influenced by i.t.resi. % tt^peraturm ralat i¥t humidity* The Btrengcb of 
the banded inter f ace , however , recover# Mvariihly a# environmental comcl.it ions 
be c o me il r i e r , a nd I# g 1. ns to decay tig 11 in an mo fat c omd it ions ret urn* filie beiicl 
i in- : iip 1 o:- 1 not appear to orioorgo cumulative damage with such cycling m 

won id be encountered outdoors where weather patterns crycie between wet, 1101 at, 
a n d c! r y c o n d i t i. 0 n s * 



ION 1 1 


A !>I 1 f.. S ! ¥E$ % PRIMUS* .HI AMIES ION-PRGMOT INC TECHNIQUES 


.*#■ ill iiiowcf-ioii 

Tins mttmm tabulates all of th? m 4 k% 4 : im'M > primers* ap'd adhesion** 
pnMM a i h;; techniques b# I ng evaluated for FSA enespsu 1 st ton inter faces « la 
£hi& > u %ptir-t adl<*^iv%>s y primers ? and adhesion promoting techniques «e : 
r e f Hi r r ad 1:0 c 0 1 h * c t ; ve l y a * he in i t rig ag eft t-s- * 

The se q «e u o € ? h a t hat been a dopf id f#r ipft i-ii-l y quel i f y lag a bottif itiji 
a 11 1 n t ocrrtii iii-toi cil iiiiiiii y r i n g |i h 11 ,df y feiftlf p I r iftgfh {'peel strength) c? £ a on t r o !. 
apre iiiieiis « t! inn ^ t'-u'siii: r ha bolli' il pjjtit: -if : i. 4 ein» i^al spec imenn that have 
foe cm iwbriM&d in r oom- lamperal u re water arid/ or boiling water for Vl'rion.i 
pifiods,* A noiuung i'|lM is rejected if i'tm control or tit wir value is Eero* 
For sots# bonding agents? it. Witi te noted fcfettt ill# #ry fetof-fPi viJltl 1 r « 
reported* but v©f the wet strengths; t ties a values were yet to be determined at 
the fimi it li is publication! and hence an o<, c#pt- f or~r« ject decision has yet 
to he m$ 4 * * ftiey isre !.o be considered as promts trig cand f nates* 

A b tind 1 ri g agent t n o: passes thin burial qua 1 i f icat ion t-st is 
considered ni ; per n-oiita 1 1 mdldatl thi-t will then be subjected? in bonded 
t^sl spec imeii'. ♦ t s ia >' \r rat e I mcl/or ibbrvrvi mled aging te^tr involving 
M I - 1 r 11 v i 0 In ! ! 1 g I 1 !: i U V ) * a 1: a < * s | . f 1 a r 1 a o x y gc 0 f h urn 1 d 1 1 y , a 1 e v n t e cl t am p« r a t u r a h ? 

and eyclicel fiicnrliiiiical. .and thermal stressing* Aging fcr ; ittt have not yet 
beg-u-nj h^ s nce» &1 a bond i -a- agents listed farcin are to be considered 
e ay^i iJiien t a 1 * 

It should also be remarked that the 11111 a, a 1 1 : yet 1 of the dry : f.e iMit r.l'l ) : Il.tl 4 
wet: fcoud'" strength : vaiy« have mf fell© a factor il the initial qMllf£cM:ioi:i 
rat ups fine reason in tlrlt: 111 some liic# : sorc ttan one bonding a fan. it bull been 
identified for :i cents i. 4 erofele variety of iirtmr fillip whirlt yillii; a range of 
hood s : t.r 0 igf : ti;i a« tftiriiort creates a temptai ion to favor the bonding ag^nt 
with the beefiest overall dry and wet. vaiitii* |ife : m nipl of the bop#;i:#g 

i§ ; ha yet here aged over long times, under field exposure ecmdil: ion a ? 

t he re is c otic e r n 1 h at ! he i ml i a 1 beet pe r f o fill f rpay age t: hi wort I * h sec 0,111! 
reel a on is thiif: some of the. interfaces are very difficult to bond chemically ; 
ti'tof t : f Oil , ar ro.evemeni o! any meaevrable dry arid wet bond strengths is an 
#c c 0H.p 1 i i hme .it !;. « Fo r t;.he $ t,?. Il it- topei that-: the bond a t rength s w i 1 1 be found 
11 il e q u m%m. fm thl imgl ne e r 1 rig load$ , as we 1 1 Jit re 11 in til nl: to change i rom 
wvat huriim* Ths third fit.fon in that, in some thr cohesive strength of 

an adhesive or adherind it iowy and there fort this value becomes the siiiiciiiiiiii 
bond strength value that can be meai.iirid ill * ^efeMieaf pill- loiib *. to 
example is the poly -n-butyl acrylate (PniA) pottsttt , which exhibit a cohesive 
f A i I u r t § w 1 1 h in the r mngp. of % m S. lb/ in# of width C pee I test). Such I ow 

<" ; ^ l ; s i v > 1 1 ■ o g r ! c e n t s o« c h a 11 1 c a ! me 11. a y r e me n t o f & h € 11 c 1 : 11 i. I 1 n t e r !: 11 c i m 1 . 

bond %Lrun^x\x, which nvay be higher , but cannot be measures! iie-chanlcally 

? >: 1 s 1 1 1 1 : r g 1: h 1 1 a 1 1 o y r e 3 1 4 e s i n t h e F n BA# A n. y v e 1 c It e m i c a l 

a p p r y a e h ( It e f i- : r e n c e 9 ! 1 o 1 11 v a 11 1 1 g a 1 1 n g i. ri t e r f n c i a 1 . b a oil y t r t o g. t h 11 w i. t h 0 u. i 
t h i x m e c ban! c a l i 1 m i t a t i 0 n i i c! i. s c u t # e d I n Sec t i .0 n 1 1 1 # 


bardJnlKr; IMkE BLANK NOT FILMED 
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T a h 1 e I list: i ve r t trait y nm! fior t soaf a l ! > ill of t h # € rtc aps a 1 a 1 t. on 
iia !. e r i a I $ lint lift pp :* 2 and 3 an 1 i tic lucle s mo t & Li ail soc i a f ed y i t h iff I a i 
eH'U itui i ot# pp on nee I a » 411 comb in at i ons of materia la 111 # pi tali- iim 

j << re v ‘ i i e 4 t> v this m a I r i a fo r in a t: | t b e r * : : f o r e * c: omb i n a t i#o s i: b a t: a r e it, o t is e e % % a & 
practical or possible iio identified by &n X in the common hxm '%• 

•feiie 0:1 t:ta xow mi eotniiii of tint iiifmrimli of- 

for i: fit : r«o,r# f trbii lw:ix.#§ i:CMi:tmmtp§ l 1 :§• ire licit - contra if* fill nwciii' 

local i on# of all other €mfo i:ii « | mm teiii as priltital nr ffifiWt 

.# : re dn : il;iif4f amt i#lrit|4:ii# with n letter t or left blanks 

T li.li: i < * r ter S i net t eat as ' tills t f:h& i it ter fa cii a 1 r ntifel. n ati nil. r eq u t r $ $ :fio : 
o r i me r s or id'his i vt # I t-teait is f they bsiii cit^itic# tl y duwi ng lit hr t c-it iiiri * 

Tb a i ti» occurred with only certain comM nation* of the low** soiling can ting a 
a fill :nth€:f crctvitf plttfii f.ilmm#. ipd-ittfctd ii- fib is |:* 

Tt ii I et faf B j nd i c a to a that a bond i rig agent* pr i me r * ft dh<* § i ve * i r 
ad - oon* promo t in| technique has been either develcpsd or ewamu i i a II y 
nft< Th** re arc 22 such bonding agents under evaTurt't-onf these irt 

lilted aiid doiierihed in Table 2# whiett iieo inelniei^ 'yliert toeytti blitif: 
chomco I lor oi.ttidWi «. In this report tht Landing agents will he ref en -o t * 
by rh'. ii i.gnife4 immhers in lahii 2* | to 22* profiK^d witb the relevant 
hondiny. *ag* I d^-'Criptian fprir-^r - r* adhesive* whichever appliei)« tor 
example * primer !lo* 2 |i the primer for bonding EVA to nnd iiill'Hiifyi 

%,>, Id in an sy- ten for bonding scold.; - tr : l attic fi to mi id 

ateel « A word pi caution about Table 2: Thr initial dev^lopn^nt or 

commercial rtcciM udatipii of a primer ur adbrcive miser iron the id«‘iifci£ ied 
need for a specific inter facial combination LvA and gla^»)* Once 

n va i i *4 h It < howe ve r ^ sue h «* s y stem c an be </ v a l u u t ed for u re v i t h many u l: lit r 
interfac ial combi nat i mis r often wich sucet«^< The description t be primer 
cir adhes i.ve system gives in TabJ*' 2 it a statement of the initial need lor the 
mysteitM but ihould not be construed itit being ita only yse^ Lastly* pro mere 
Ko , 4* 10* II* m4 19 (Table 2) were very recent commercial rec iona* 
and therefore have not yet been evaluated by FSA* 

A blani in. I in4 i^-atea tb : a.4; flife sutural basd.iiig fceB : iy : i#r : s0#./ : of 

ri e e d a a n d r e <j u 1 r e pi e f 1 1 i i o r h o n d i n g a g # n I: s I o r t It o $ # inter f n c t a I c im b i n a t i a n a 
? i a s n. o t y e t b e e n e x p e t rn e n tally d i :s l e t m i. o e d # 

0 f a 1 1 o f’ the ist:e rf a.c i a 1 comb inn t ions noted in Table I * on 1 y t: h o i e 
o i fe a b I i s h e :d b y t h m 1 om ^soiling e o a tings : pfi the onto r covers cannot bc> 
moni tor ed hy me chant ea 1 peel testing, A different procedure is therefore 
t o ! I owe d f o r these coatings. Mater poured onto surfaces e oa ted with t h e e e 
in u f: e r i, x l s w i I I q uickly bend up into small* discrete droplets* and on 1 1 1 1 ed 
s a r I: a c e b * w i, 1 I. r e a d 1 1 y drain off* in contract with uncoa t ed ou ter c o v e r 
% u r f a c e s on wli mil water will spread into a film and will resist run * a f f wh e n 
the b ur laces a re i: i 1. te 4, In addition* the low -soiling property r e d u c e s 
natural noil are' omul at ion as compared with uncoated outer cover surfaces. 

Dote is"' sv'ver materials* coated with all three law- so i ling coatings* and 
u iv: on t e d c. oi j t r o 1 s we r e tmoun ted out doors for natural exposure to we a t h e r a n d 
so ! 1 » o-if T'-m: es 10 and II). The FC^ 721 and FC> 723 coa tings were * wi t Ii in a 
f *' w we e b , t o t a 1 1. v lost from the surfaces as evidenced by both water ~ s p r e a d 
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• E pi kmflmw -mi Tirtiai? 
mu tfmett. mMm rmmta in. 

tuff | c: liiil: cliiiNi lapmeni of mt i.m •€ 
polar groups t o r t ac i c hi * I' c & 1. 1 v 

with mm lifig - 

L"" tlSOS ltd E— 38 20 1 see reset f or 

MMpPtimmM I d# i cr i : f fc 4 on 

.* Primer by fi« €#rMfig 

for bonding EVA to g:Sa:f •:$;'$ 

p r i lit r I ftiiirt i y i t a b 1 e i or t . r n 4 i Mg 
•EMA to gkii! and also both > VA 
and EMA fc'O mild a l eel 


E Fr title if deve 1 oped by tkm Corn i p jj 
tor bpnd ing f itM t o y 1 a h e | p. r i m r 
fdtf&d to give fair per form line € 
w i. t h Te d I a r 1 0 0 !:!€ 3 0 0 T p I n # t: I c 
tilm.f Mild fdiond -to hi inef ftot i.vo 
wi fc ii; M# !;; a I § t if s t e 4 C a 1 %m I n in f 
co : f pt f n 1 1.4 $ i e e 1. 1 and § o- 1 d a. r I 


E. Commercial primer recommend eel by 
and a-wi i 1. able irpm !>eve l-aptm-t 
Assoc, lit es| primer is one- 
biitipciii.eiii: lyifcaii laiiiily far ate 
lii 

E. Primer developed by Dow Corning 

for bonding 2-239 1 polyura Lb line to 
#«■ trf primer found suitable ter 
bond i tig 2- 2 59 1 po 1 yu re !: bane % o 

Itilar 10(3 BO 3001 and ttercid 63000 

pi .as tin iilwM 



fwtmmw im. te^dini EVA to 


Aery Li r X ^ 2241 ? 
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'ft 

§*«• 

«*• 

f,# 

t it 

3:4 jJ' 

ii«»:i*l*ii V-lli 

t 

40,2 

■w- 


: 0 O «• ,| 

Copper 

Ik- 

3:2,;$ 

feh.ii i¥€ 

( Oh 1 i !.¥# 

5 ?, O 

C#pfit 

16 

$.1 

« 

40 ,1 

3 , S 

Rorad J3 000 

6 

i'oh** 4 * iv<" 

** 

©t hi?.i ivc* 

Seiik 

It or lid 6 3000 

1 



5,4 

liWf : 

for ad 63000 

II 

JU* 


-* 

*■ 

Korad 0:12 

i 

la:| 


*■ 


Ted Ur 150BL30WH 

2 

Cpli ti i oo 

- 

ivi 

l.o ii 

titanium 


* 


** 

•** 

Bra a* 

1# 

•** 



- 

St »t«t 1 

14 

** 

If:*:! 


« 

Ch r 0 H:€ §t€€l 

i;4 


Cohes i.vn! 

** 

- 

Mick# l 

3 



TtSf 


♦Similar cheaiatry it* Aetflsr li-tai* JNl.t eveliebte in 

thicker v-ift i i on?? in 

order to prepare «#ch*nicel peel-teat specimens. Testing Acrylar peel 

specimen* is exper inentally difficult due 

te f !« fold resistance. 
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4. Adh«* ton of E¥4 (A~9$18> Co 8old#r Uning Priattr No. II, 

Showing Importance of Surface Clacnlinots for Soldor 8on4if»g 


Stirs ii! Si r«ngth#, 
1W in •. of width 


Solder dor f. act 
Coill it. ion 

Method of 
Cl fling 

boob 

tef: 

i iif 
In, Bitif 

!ki 1 1 

'tetii 

n§; 

8.8 

© 

Btel'l 

Mgffi 

Yen 

15.4 

11,9 

Dull 

te€!:0ll€ 



Cohetivu 

Du 1 1 


fM§. 


€#lw b iw 


fit 1 ^ Hi 

it# 

%*4 

f 

§h i.ny 

Ifeii# 

Y is 

I * #• 

O: 

Tib flip 


T ilf!'. 

€ofV ; f 1. '¥'€ 

Coii. o # 1 m 

9i i ny 



( * d'les iw 

Coh^^ivt 



T*M# 5, Adh«iion of Exp«r A- 1 529$ % Vh to 

Sun*4«m CU»« and Mild St««l 


fciai Strengths » 
ib/in. of width 



ft i»«r 


§ w% Wmkm. 

2 hour » 

Material* 

Humh^r 

Offtt t*ol 

h&m&M t #ii 

Sot ling ill or 

Sun i«d* x § la#® 

% 

MS- 

32.9 

3 3 M 3 

H» 1 d 

t 

15.1 


w. 


♦mil EVA incor potato# *». caring «g«ai , de« i goal c-d 

TBKC , in substitution for Lup«t >1 101 (u»«d Ift A-9518 KVA)’* Other (hart 
this xubitttution* A- 15795 EVA i>, th<* u*ae m A-99H EVA. 





UMe 4. Adhesive Bond btrengtha far IMA Bonded to V*r ioua Hater 


tend Strengths » 
lb /in , of width 


Mater i a Is 

fif-toif #f 
M1i€i ifi 
flnmkmr 

EM* 

Peroxide 

Goring 

Agent 

CiUffsI 

2 wk latte 

2 h curt « 
toiliWi 
Water 

SurudtiM 

Z 

L-lOl 

*6,2 

4 Cl * 0 

2? , f 

’'nnll'fe i; g 1# lift 

Z 

t-ffie 

Giaii.# 

*4,2 

M:,5 

Mild Bte^t 

J: 

E-ioi 

j*# 

14 * ft 

13.9 

Mild ii t«fi 1 

1 

teftee 

35.1 

: L tm 

2.8 

Te-llar 100BG300T 

f 

1, 101 

0 *,3 

m- 


T#diar IOOSG30UT 

tt 

;teloi 

Eb$ 

m 

if 

Ted Ut 100BC30UT 

r- 

t-TMC 

Ckitftl XMm 

m 

Cohe$iv«s 

Scotch par 20CF WH 

21 

L-101: 

: § •#.$•• 


1,2: 

Ted Ur 15OBL30WH 

i 

i-ibi 

i « 9 

if 

if 

AcryUr X~224J,? : 

6 

i~tmc 


Cohesive 

iMiwlw 

Plexi gljii i-ill: 

6 

t*-Tl®C 

3 * 6 

'IxdK 

S*4 



table 'K Adhesive I and Strengths for PnM (M-13S7Q) i*M#i fc# 
if-iau# Material# 


Hal: e.ri ui o 

Iriit'r or 
A-db.ift.ttt 


fetid ft foiigtliij. 
Ife./ ii!-# #| wiiiili 


SciilWtl 

.2 ¥k : Wsfc.s : r 
Iwr§ ion 

2 

Bo i i i it§ 
Wafer 

Sutftdex. g 1. ass 


0 

* 

«* 

Stnwdex gists 

•5 

3^.§ 


4 4 . :||: 

ilIIlll: ; Clt:l gl :i:li§ 

22 

0 * 9 

0,A 

f ii; 

Tedlar 1OG8C30UT 

ftaie 

4 

- 


Tedla-r 10686 3001- 

j 

1,3 

Pmi A fa i. 1 u r e 

6«8 

Ted I a r lOOBGSOFt 

7 

Pi ha I s OUiri 

ij; :l s&. ->.ys, 4., 4v. 

■I S-i ii A l $!■ % ' 4 , ■ o r ■ e 

Tedlar lOiiC mt 


2 -rA 

2 « 4- 

2, ; 3 

Scotehpar 2 : 0€P WH 

Moil€. 

6 



ScoU'hp\r IMP WH 

.2 2 

1 * S- 



ICotsad 6 3000 

poll 8 

® 

- 

- 

Rot: ad 63000 

•6 


-Fii'BA t a 'i l ure 

|4 

Korad &I0S& 

7 

PaBA failure 

PnftA f a i 1 ere 

P n BA fa; o ; r e 

Korad 6 3000 

As 

f.? 

- 


Act: y iat » 2241 7 

ffon% 

0 

■1-s 


Aery l ar X-224 1 ? 

•6- 

Law 

■* 

■*■ 

Aery la r X-22A 1 ? 

?• 

Very Low 

Very low 


Aluminum 

j 

0 

- 

■#, 

: Ci3ffa : r 

3- 

0 

- 

■* 

Hi Id steel 

3 

i- 

-• 

- 

Solder 

1 

0 

- 

:***• 



liM* 8, Adhsiive tend StrtiigrJii of 2^2$91 folyurtthint 
to ftf'iMi: WmmimiM 


Biter tils 

fririrr or 
Mkm im%. 
Ifiilifetf 


Bcmd St rengtbii f 
Ibltii# bf. «iifii 


'to'istfol 

2 wk Wat«r 
Itwtf siflt* 

:f : . tiiisri 

Siioadi %. glass 

Seme 

0 



Siiti/nd^'K gli - 1 

:,;d 

ft* 4 

t?,s 

45.2 

Ted Ur 1 00 EG 301; r 

tfene 

•0- 


- 

Tedlir 105BG30UT 

5 


1*4- 

1.3 

T«dl*r mOMMMt 

Mi 91 

?• 6 



» 

Scctchpar 20C t WH 

Pon 

:0 

- 


Scot chpar 20 CP WH 

5 

4«j 



Scotchpar 20CP WH 

I 

Low 



K oral 6:30® 

Iterit 

“O' 

- 

~ 

Korad 61000 

S 

l*-6 : 

2 «: 6' 



Motet TO« conmierc ij l primers feom Brv-eiopwnt kmn&c i. 

:Ncu 4 * I0 r 11 ind 19* hm& M&i fat bf.ift itiliimtBi toy FSA-* 



Tib b 3 it a ^urer tab!# of adb e s i vt bon4 * § t r % ngtli o.r %tm. nt a c c iiiit! * 

luted 1 'O' cured EVA bonded to a. variety of : iiliriili : | with various comb iiiat faai 
of primes line! the 68040 &dhwiv«-* Those data * generated if different: exp# ri> 
"tm ' n i a I I. abort tor tea « rosy 1 1 f rtm a § in liar a xpe r I men l: a 1 patter ft I iicrs.su r tiiiiBl 
o i control valyaa at ambient condition# , followed by miinftwitfit- (again at 
a^uent a#ncf Iftioig*} ■<*! ificii. oiii that liii# %««m. tit mMmt nainimi ititi 

lit rch»® to ™ p# ra t u r « # ;i(id of t 1 ee imen § i f»i raed in boiling wlif * The e ire m p t i on 
is work carried out with the met at-* EVA prliier system, Mo, 14* for mil 
but copp-r* fkmd -strength measurements for itinil test specimens were made 
i it nr 6 Jays 1 invaafilon in water maintained at room temperature, and no con? ml 
vj 1 ue wmtm wm&&wcM&* 

Vhet g l a s §s ~ EVA friatr flfey 2) can be u*od optionally as either a wi pit -on 
primer or a a a a nnipou tiding additive to generate £ IVA-*. If used 

i!i a e'aiwpount Aig additive, the methanol solvent is not. a*ad* wild flit 
eOsfp'P.toftt tin urv li M#uchni fcnt.o the EVA at a concentration of 1*0 wt 1-, A 
tCMVccpa. : a the fo.rrsy,lat Lon. of this, primer is that the addition of a. ama II 

itat till » : f the faif a.r aui 101 peroxide causes a lotaliaed genet afioe of iv>> 
f r e t r a d i e: a 1 » du r i.ng th t titf &ftd curing of th e A- 99 1 8 EVA # r nit hi r in i 

subatanf ; do higher crosslinking at the polymer •*gub»t rat.# interface# 

Th»* g I. mm^WM primer wiis by prim inf? th:an sod a i to. gl ?ir ^!idt <; 

with a tUifi lay#t ^f the primer (wiped on with n moistened pad) ind .air dry. i. mi 
f O r 15 is I n * Hi# fy 1,1. y form • I at e d KVA compound ( A.- 9 9.1 8 } wa a the n < ompr ^ a ** ion - 
mo l <N-d and c u red ags iftii I tip a nr f at # * Till! reiiil 1 1 np a pec linen wa - teste d f o r 
jpal strength by ASTH D-9G3*. The results (leblr 3) were excellent* yielding 
an average ft# i strength of 39,6 Ib/in, of width* Doniicatn gp«cim#n*" placed 
in hoi ling wat- ! f for 2 hours and evaluated by the gam*- process yielded an 
overage peel ^trangth of 2? i b/in* of videh* atilt exc#lje^^ inhesion, A 
quantity os th# primer formulation wav. prepared without th- alcohol diluent 
litid hi m4mi into the -standard A- 99 1 8 EVA f at mu 1 a c ion at I wt t to test tin" 

If * priming; wffeci , The reuniting resin Wis then compress ion^mnlded and 
cured ;i|ainst: a tkin glais aKde* ig before-, end tested: for peel, strength by 
the method, Hie average atrtngth waw : Jlu-4 IhMp#. of width (Table 4), 

The b ond # t r e. ng t h of : the s e 1 f r 1 mi tig EVA after room- 4 1 empe nature water 

immersion for 2 weeks increased from the initial value of 35,4 to 41,9 Ib/in* 
of width * and resulted ia dohiilyt liiiitirt if tip- 2 hdur.i in 6oitiiig : water * 

As thowti in Table 3, the gUss-EVA primer (No, 2) not only gives e*c el- 

I. m n t t riel cl u r a b 1 a b o n cl a i o r e go 1 a r a o d n ^ 1 i me ( m i c r o a c o pe s l. i, d e a ) a n 4 1 o w ^ 1, r o n 

(5m Men) glssa^ but alio la marginally effecr iv^ with aluminum^ and v#ry 
ejl-idtlVt wi th mild steel* MutsipmSj pr-twi with. A^l 186.1 f primer No * 2) gave 
an. average dry-boni: pt#l :itr«gfh of 41,0 ib/in, of width and the adhesion U 
miM steel mm even higher, with an average dry strength of M *■:&■ lli/lii., of 
width, fh-t# is the highest strength found between EVA and any other mate rial. 
The wet ~-b oik! strength l£ efefttleol: ‘to- Miid steel and poor to 

Dry-bond star eng the t# fiilar were very low, pid virtually zero when wet* The 
A- 1.1.861. prlisar was mmni ialiy lor eopper ini for :teo.iciip#r 

polyester film, for both dry and wet exposure conditions * €te the other toad,* 
the polyestet-E VA primer No, 15 worked ei.ee l lent ly f yielding i dry control 
value of 35,3 ib/in, * dropping slightly to 31,3 ib/in* after 2 weeks of room-" 
temperature wafer oh f and still retained a high value of 21*3 ib/in* 

after 2 hours of immersion tn : bol.iifig water* 



Htl 1 **IVA pr !lo * 14 ach i mw%4 oaf, i tmud ifig bond tag of cured A-.§§ 1 § EVA 
to a ! ?mi mm iiii mffm r CTmblo 5| f with pt«l ttitinf fifty It lag in cohesive 
failure of tli# EVA after 6 <l«ys of wttr iuMrilmt* Cohesive tmllrnm of fit 
cured If k ai$v occurred fat bonding to chrome Btml 9 % i t mi. | urn t and btm%* The 
metal " EVA prt«r if apparently not #§ effective with mild gleet m the 
gliii-Efl primer* A~U§bl f but the bond itresgfb :of it*# ifc/Ifu ii 

* fc i 1 1 «& c e p ta b If high * 

til# »t Tod Ur ftlp# listed in Table 3, T«dUr lOOBCSOUT and Ted Ur 
200 PT* are c lifr ind tr ana parent IJV^sereeiilng films* The former in 1 mil 
tu m : k ;m<t the 1 mt t e r ii 2 »i 1 § felt J ok » lltti tit if i Ted l ar film listed in Tib 1. ii 3 f 
X#J!nr 1 Oh B L H>WtU it a 1*5 mUthiU wh lfce^pigia#nt*d film. The bond *trt.i*$£h 
<i#£A given in Table 3 repeal that the -68040 .adha. si- v# yliliti comparable wt 
nft-4 dry perfor^a-net to*' the two tiV §i-i0$$. nnd yielded ttfitiiii-iiig 

r^sr formane# with the wh it# ^pigMiited Ted I m film#, iiwblfeiaeitt .ol the whitii- 
pigment, material in enhancing the bond Mreiigtii feint. :Oftiy be .etm jeetured ♦ 

Wish All th-ree Ted ! m films , the adhesive 68040 retained wet *b©*iii 
n.t-r-eng;t.!v. ? : at compared with- the tero Itfcmd strength of the glf§i-E?A primer 
Ho-* 1:T Hevoruiy few Corning Corp* developed two : Additional > still 
i : ><;. p ft i: I me 1 1 ? : 1 1 * p r i. me r s ¥ § t ; * ms i or b < > 1 1 < 1 1 n g ' t e ? . 1 ! ; i r t i 1 its f: o EVA, ♦ Th e § ft p r i liters 
iirfi de§ igriate-cl as primer# '&.*• § aii4 Si-* With prfamt Mo# 21 « contrc * bond 
strengthtt were near 3§ Ib/iti# Affei# t veifci of wait? lipM'rtlbii tli# fesric! 
atrengfch dropped to 12*6 Ib/ttt* and 2 b jut * of exposure in boiling water 
reduced the bond strength fc# netr | : j 

One of the law-cost structural. piiiil materials being Investigated for 
modal# application U mild - tee 1 (p* 3)> spocifitaHy cold-rolled mild a tee l* 
however*,, the concern with thin inaterial in an outdoor appli cut ion is corrosion. 
There is literature evidence C Eoferenr ?ui lb through IS.j that iadieates that use 
of chemical bonding agents can prevent metallic corrosion# This approach to 
corrosion prevention in mild steel is being evaluated axper imant a l If by using a. 
die in £ e a 1 bond 1 ng a<!h e s I, vn s y ii t c m f o r bond i rig wb i t e -p i gisi n t e 4 p 1 a s 1: 1 c f i Tiii t o 
both surfaces of mi Mb.-s tael patial* A tfUl f ni^UM five ^primer system tai.i 
evolved ( Mp * 18), which consiits of tlw following layers of materials on mild 

1 r y :—: | I 


Outer film 
Primer 
Mites iw 
Pr tis«r 
f aiifi I 


feofChfir 20Cf : WH 
.foI ; y#gt«lc primer 1®* %.$ 
■GmM A-991# WM 
Metal primer Ho. 14 
Mil 4 «teel 


Panels of mild #t««l coated with this f i Im-adli## Iva-pr iaer • f»t mm bmwm survived 
more than 500 hours of cont incus exposure to salt spray (ASTM B— i 1 7 > without 
any evidence mi miim ion CSeferene# 10) » Uhprotftcted 1 si Id ttee'C ott the other 
h.ar«l f begins to corrode within hours after expositt* t» a*lt spray. Uiis ua« 
of EVA as an adhesive offers an another possible application are* for these 
low-coat -materials in terrestrial photovoltaic modules. 
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lif.y TMtmntlff laboratory aftom pts let bond EVA to intdir with; 
pr«r lei* 14 wort un8ttcc<i*aful f usually with little to zero dry bond strength! 
to is prompted a directed effort focused on E¥A**i§older bonding, which result. **4 
in primmi No * 16* It; shoo Id fee noted that this ii e§. loot tally primer £to« 14 
wltboi t t Ii# i i m rh § ?: « t an <1 t h at \%& p r o pa n o 1 § o I v# it t ha s 1 
for moth iiiio l * tbs mbit i to t: ton of isepreptaol *•• whiofe £* » feiteitr 

n I o II II g i II I: C II. Ii: II inn t h n n o l * om pli i i i 1 1 - 4 I: h m i m no r t n n t r e cry. I. r a mm n t : i f : 1. 1 . ' 

c limn 1 1 no in for EVA-told«r bonding, Thin ii shown in the hmd ' -#tr tug th date 
in tslrlsi 4* wbery prec leaning of the solder surface either with acetone or 
m i th a c atm on boy iiiiImi Id k i, t then e 1. a n n s irr rosy 1 1 ad i. n coha s i ve fee n g a f EVA 
to solder ♦ fhis work was performed with a variety of solder specimens 
turf liter could fet qtiftlitativtly olafadlarlsai at shiny or dull# id effort w*§ 
milt to find an ampianatidh for the differences* even though It wi.:§ noticed 
t h ii f a p r £ mad y 4 ii 1 1 a u r f a. c a- wl. f bent- pra^e leaning gave hatter dry and win 
!> i f or mane e than 4 i d a pr i me d f ift iny sur face that also wii not f tc*c 1 atiti $■« In 
each aa.it f however » prailaaplttf appeared to eliminate my bonding effect a 
re I it e d t c> i n 1 1 i a 1 surface qna 1 i t y « 

T l ttco it is desired to have & single metal primer for EVA rather tony 
t wo f # s t ud f is now iiiicilrr i«iy tilth will a 1 t o mp t to identify a. .s ing 1 i primer 
combi a i mg the features of. prlawtra Ho-.* 14 ami N6« l4 f nnd the e l^ani ng 
p r o c e 4 u ? -s 4. escribed -alb on , 

ently ■ • n ■•■■ : mu! n new yur oxide cur 

agent ' mr EVA* whim results in a fatter cure at U?yo? t -niper stares* llu ; nu 

fie r ci a i dm i § is a r 1c i i : : < * 1 1 1 1 y t h e In ici d 1 1 : : 1 3 i v i $ i < i n o f Pen r i w ili i r t . i < : 

Ly. p a r s o i * 1 !> E € f ^ r : t^TSil> for : slid r 1 4 ' fti c 4 ^ r a n « h s r d -piiro x i ctr n yrnnt ly e ti p 1 o y e i 

i " , A--- 99 1 8 EVA ; - mi rkeiba# fey laic idol uni ^ r the de s t g n n t i on L^iS lu The po ten" 
tc! n 1. s life ii f: I. i: y t i o n o f: L ~ T EEC C : o i; : L - 1 0 1 i n n s v ; 1 1 1 c e d E V A f o r mi 1 a 1 1 cm s p r om p i e d 

; mn for i r 5 - r- -- -- i.fe !u effects on KVA adheai^m* Two preliminary adhesion 

reau! I: s for Siiriailnn glass and mi Id steel with IWC-curtd EVA irrn sliciwii in 
flfel# Su Thg suggest no problem* with adhesion to Sy made* y laag « 

although ifiterestimgly there is an unerrAaifmd .inmheaie- in the dry Cccmtro!) 
ii t rnn g t fi ii « c o r 1 1 > 1 1 1 4 d t o L - 1 0 1 - c u r o <1 E ¥ A , th e we t n !:. r n n g t h n a r e e a a e n t i a ! ! g t :li m 
tame. The dry (control) strength- with mild la monfMarafely reduced C from 

§fe*fi fc : o for the TBE€^eured-E¥A f . ai compared with the L-10l-curcd EVA, hut 

my cone Ami ions or judgments at this time would be premature. The wet 
it:.rem§:'fcli : i were mot available at the time of this publication, 

€, EM A PRIM EES Mffi ADHESIVES 

!m iini of peroxide on ring: .and' chemical bonding. f IMA. in :ch^mie#ll : f- v.a : ry 
s.iisilir to EVA, Si.t : rt:Chro the. firat curing formiiation tor IMA. wail biiiwd. am 
L-KH chemistry, and worked well for EHA {Reference 11 ) , Subsequent ly » with 

the i. f c a. i on of l TEEC, this man evaluated for EM A and found to re a ti 1. f: in 

a. f a. s i: o r c. u e- o a 1 ! owe r t: y m go r a t u r e a i R.r t y r y o c c 6- ) , a. s o b s e r v e cl w i I: h EVA* To o 

wefti.ohi of IMA are new tinder :evMuntiofi| one: with Im 161. end mnobher with. 
l-Thtc, Mhaaion results accumulated for both vets ioiii are r«f#ttei4 'hfreiho 

iec.iiiit of chemical similarity* primers and adhesives that have been 
t rrynd !:: # wo r k for EVA become trial, candidates for ERA* Tab le 6 mmmm r i m #• the 
r e s ti I. !:. a * Th e f i r a t p r i rso r e f f o r I: w a a w i t Ii t h e p r i iso r cl ii w o 1 o p e d to r EVA-* g I a s s 
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I J } $ -diicfi yielded g ! m i and IMA i| :giifg : liigb contra! Yit I e 

#f fubk* tb§/tn*« very ' es per cable wet^bond strength values of 40*0 lb /in* after 
2- wr**M of ifpMi-ra(&&» ifrt 27*7 "tb/ln* after 2 ttotiri in boiling water ♦ 

At: t ua i t y f i he wet -bond nti «ngf h yiIiiii for I-~ 101 -cured EMA^gliss are almost: the 
aoinr ,o; rliofK: for LHtil~c**r«d £¥A~gl**ft {table 3 ) * with the major difference 
be ing the *!ry confers* valuer . The adheeion to gl.mrn with TBIC^curad EHA i* 
rumarkaM^* The din brea $ dti r i n§ efforts t.o measure the dry bond atrength 
; c h rm i c 1 11 y , /# ^ 1 vet § !: re ng th a a tM en.ir mm If high. 

With the two eaception* of TBEC^cured EHA bonded to Acryl-sr and Ted tar * 
yrilltft EVA prim€:t and adhesive t y s:Mlli ^ the general trend I. a toward lower 
conttw; ard w^t-bci^ strength values, as compared with bonding of that* §pas 
materials to KVA* There are * hot#*v*£« indications from the mild it## I and 
Scot chpar %mMt mmilm that wet^bond jrfcrtngtbi with L^Wl^fiirtd. EHA tend to be- 
higher than the initial control values * indicating that tiai; water f and /or 
he a f sty b e p r o tm -. r in g ad 4 i fc i o n a 1 bond i.ng r t a cl: lout * niigge sting a t r on § If a. 
poms t.b i. lity that full hnrid^streiftli pMMtititi #ai for soma .mtoti not initially 
deve loped * 

0w exp 1 mml itt® -may hr re liitcd to d i f t o r e on e s in. the high^t^sp^rai ore 
pt&t&iWi-t&g cr-irJct^ 04 tic a of IVA ill# Ittt,* Above ?G°C * EVA becomes a vi&coua 
fluid that will facilitate §-p.rwei :giid wetting over a sating surface * afrf ther**~ 
for# will ? mo to itjct'.'aae th« intimacy -f contact and intarpeaetrat ion with 11 
O.ompling agent d^poaifced- Iron a- primer solution* On the other hand ? EHA doer 
not become fluid upon heal |itg| It- 'fefeeomta a so i ter solid that requires some 
prc?ouc ;! for i'.tm o- ; -. « pr e ad a loitiof i\i : r : .f-tb.t ^ Thu# intimacy of -contact 

and interiK^net 1 \tx -m with a deposited coupling agent shy he reduced * lit 
compared with EVA * Since the data trends In Table 6 Indicate that primmrB and 
adhesive^ found for EVA tppeitr to work wirh EMA* perhapa physical effectn iiieh 
mm the one junt described, rather thin chemical effocto^ art initially liaiiting 
achio vemon to of full bond ^strength potent ini* Th ; i» aren of EHA bonding will 
Ini invent Thar# is alib A hint in fell# 4 m t a of Table 6 that E^TbEC 

r r- k i d r- , i - 1 tin! to tiiliii tie o the clfivi 1 opine n t: o £ h iglic c i o. ter f ac til bond § t rangtha I 
th i s M. I s & w i i i h# i m ss : fe i ga tai:« 

ERA, Tike EVA t la a dry taminaton film at .ro:#m Itfcrperahiire-i and ii formy- 
lafead to under f# pero xide rurvog to i tharmoaef r I ng elastomer at Ihf 

temperatures in the order of l30°Cw.. S#r ,lVA :f p#Tomide crMit inking ii an 
absolute necessity f in order to generate an encapaulat ion pot t ant having 
t jn t 4 r fin 1 ^ t ab Hit y aga i n a t fluid f 1 ow at serv ice tempe r at or# i above ?0 a € # 

Ac c <: o rd i pc 1 y ( and t h i a ia very importmit ) $ all of the ;pr imeni deve I noed at low 
Cctrning for EVA are formulated to generate their inter fac ial chemical bonding 
if an I n t e g t a 1 -part, of t he h i gl i - 1: e rnp e ml u. r e EVA c r o a a ! I nk 1. og r € a c t i on * S i n c a 
the same cross 1 ink mg formulation ti noiiponniii Into EHA P the Dow Corning 
primers developed for EVA #1.1.1 requite that EHA undergo the perotn.de 
c r o s i! 1 mk in g react: Ion . 

Howe vein the need for EKA to undergo- fe.faM.Mi craiillfihliig is, aft fe cleats 
m it is for EVA* and so« preliminary module tasting uiing uncured IMA as a; 
pot taut sug&es tn that it has adequate thermal stability a.gai.ri..«t flow and creep 
at temperatures up fco 90 °C* Th# elimination of a potentially unnecessary 
prone i sing step for IHA i® attract ive $ but the chemical requirniinnta for IMA 
bonding agaots would the n be changed *. Indeed , efforts to- use primer ft#* 2 for 



no o. < § I a § i. i 1 n ii ii we t m mm § n licit n § I til i:: wi t'h oil Pt i : | : f t n g t, li $ a m 4 

little to i lire dry sit stiff h * 


111 M wci i: Ii. Ii n d: e s # , o p bcif l d 1 rig. ;t g ii n % m i |tli C I f : i f! II 1 1 f ifet Item mi It r I ri g IMA I, S 

iiiifcf iif, Tli# I for -nail ^curing EMA on glut it it 


2- 6020 i i l ii rm ( Pm Corning) 


CcHii| iof it ian 
2 parti if wirli||lil, 


(Ht-teulM Iric-y) lOf pirfci if wtljjrt 

folttfctws 10# ftr|# by wtiftet- 

Hit c< mi t r o i band s t r e n g f ft for non ~c a r Ing EMAmg Mi § uiing this pm am* r wa i « i f 
t 2 fc / 1 r itti if ttt 1 ilif lit r ooii water Wii 1 1 * •? lb-/ iii tit n $ t 

initial t re ii.n Its ttitii ntoiit-iiglttig » 


IK Pn»A PRIMERS AMP MISSIVES 

■Pci 1 y mm 1 > t J f y ! i 1 1 : t g l n t * * ( I h 1 1st, ) i s n 1 i q u I. d c n a t i n g. n e r y 1 1 , c I: h ii t c a r e i t n it 
temperature st.ebt% c 1 ^ at Whit* <*Ui»ior~s" Ocwb^itnco it)* Spt c i f ie^tly f the 
Pci M i ci 1 i qu id for m i § it p a 1 y m e i : *» m : i n < m <. 1 1 i y c ; n p * wlvki b t, s n i o I u 1 1. o n o f pc 1 y ~ n ~ 
butyl aery lata in rmfeutyi %cty lat« ynnomnr * Included in tfci tyriif niixtyrn art 
iiddittveii tbit if |i«g- rgraw ^ r thr- polvm^rimxmn of flti 

or'"'buty ! nc: ry 1 s 1 1 mmrmmw r t him! then i ? ib i 1 1 q < i n n i c ro n i 1 1, rib I. ng o f I: bn t o t n 1 po 1 pitcr 
if fieri * 

Enrlf at tempts to deevn lop bonding ngenr s for IniiA quickly rtwikd thit 
tbn n -butyl ncrylate .ponoai^r wmi functioning as o i: 0 l¥attf: lot the dnpoi i.t€<S 
coupling agouti on a mating unrfato* 'tlir n^botyl mt'flMie wulc! apparent ! y 
dissolve away post of the coupling agent , leaving th* interface with sigolfl- 
c an 1 1 y r € A uc ad c a paeit y for an v subs t ant i. a l interfacial oh em i c a I bon c! i ng * 

C best:! cal effoyti to coisnteir th«: iliiolot Ion problem have remitted in til# 
•de ve 1 <:> pw n toft wo primer i y it eiii I at ended #p# c 1 if i on, 1 ly- for Pn BA f p r i mm t s ici * 3 
Httd 82-| tMm performance reanlti of thene primers are giver ip Table 7* along 
w 1 th some r e s ir 1 1 i aicibf primer Mo « 6 and a cl he a t ve Ho* : 2b : 1 1 mhon. 14 a ! a o be? 

pointed oot that fti-M up-parent l : y- "has. a very low c^hfiiy# ^ somewhere 

ill, r he range of 1 to I lb/ in * 'TStls tialiurallj tow c : #li#si:w .strength f plus the 
mil vent ac t ion for coupling ngmxt § , crciroi a <! i.l f Lcnll: tusk in assessimg the 
t r ii# I svs l o f in t. i r far i a l bond strength by iiiechiinical pe e l testing * ?ii BA 
i y s !: e ms a re p r i mr Candida t o s f o r s t u d y of t b s i r chemically bo n i n A Ira I: r r f it r a $ 
by the chemical iiKtiiqiit (:fclerinei : SI diiicWiiitd ift. 8#cri« III:* Wm 
d e m 1 o pine n t o f bond i ng agents for Pn BA is a mi j o r p r o gr am e I fo r ! * 

*> POLflilETMAMl <2-2591) fllMill AMD JMlSWfS 

2-:2ifl is a Hquid^casting^ clear white polyurethane (P0) ays tom 
av ni, 1 ah 1. e I: r om be vein f* n t Aa a o c i n t e s , Bov e 1, o pise n I: An i o c I: a 1 1 s- in. r ke t b m. 
variety of proprietary primers for thie polyurethane* each appropriate to the 



mmtmtiml that 1 g, to b m bonded to bhi potyur&th ant* Pri »r§ te* 4 f 10* IK and 
19, avail ah In from ftevclafmsrtmt la ioilMti:# «in ffteiiitlf rti coil®# tided by tilts 
for gliii arid metals* Aery tar and Itorad 63000^. hirdboetd* and mild gfcii'.t 
ffir^c t lv€ Ifu These primers have not yet htll evaluated by IS#* 

tov; Cpfoiitf had devt 1 oped primer systems for many indBf.t t i i.l polyure thane 
< and oas ** a 1% to soggest primer tfKtSi for evaluitioo from the i r 
induatrh ^ experience* 1he.it §tt f ; r.i«tri i§* .$.*• lit I f : «ii i'.£fe;i| rttplci. #1 
pirjom^n. (j. testing with these primen are given In fable 8. Wtmtr 8 «ij| 

a 1 a o rv4t-ci wji a Scotch par. I-fc should h§ : iMii that: fritter: tie'* i f: th# 

P'rtiii : r f p##f#rm# : v«f.f iiillt atlil tlwit ideati ciilly with primer tfe.*.- 2 for both 
EVA and ERA with jris&s* Iriiiiir lb* 5 warkt# ieo#ff.ifc If still .ferti and f tilif * 
Ti?e other primer sy^reiaft* 9(a) and 9(b) f yielded a higher control WBlmm wMM 
Tt-flar ihMn did primer Ho. % but m t values hive yet to be taken* Further fil 
sort on PU loiiinr; ftg#fli£ sill include the testing of the priiaers ra^diwM'ildad 
ttf Be ve 1 ap« tit Allot lutes , 


P, ADD I rlOUtAL HQTtS 

in t.hf i nt rrdfict i op to tins section it ws» remarked that In.ii4^t« : r* aging 
t;:;. : e ii t: f oi the beading ngenc^ has yet to begins ihi$ it only partially tru*"# - * 

oive < -up] mg agent (/*<■•- yfl* L<ow Corning)* *nd one Adhesive system tie* ii) 

have bijeti aged a y nri.i^yu«.n^' of Stating. for cither purp^sw 

Z #020 is the cQUfXiny n.nuit used to bond per flu-rod^-' moi" an id 
c 1 1 : i - : ii i ci 1 1 y t o o u f: e r c o v #: r i u; r I a c i ! % , l : i g i * \ 1 1 1 r ji t * ^ a 1 : :? v ^ ^ ^ •= i : : ■ ^ i a ■ k < : - : ^ ? :: ^ r ? ? ; 

(designated 11-3S20 oil :$* l mti fell: ftblt IK- Thu 8-3820 coating hat 
QU-iv^*'"' for more than 20 months^ being direr tty ^nrponed on to the 

natural r ing t$ consisting of tl¥- f ok y gen ? dirt^ md. 

o t ht* r a t so i ph e : i c r hemi cn 1 1 a nc! po llu t sn t. s . 1 he t os- 1 o i ling proper t y is still 

furic t ; onal at 20 nv-nths^ suggesting the continuing prtsnnee of the $utfs<# 
coating* mxd thereby implying, the cont. inuing ptea^net of the X-60J9 coupling 
age tit on the surface * If so. f weathering stability #:| tb# ii -i-iio 

lisp lied | th it hp-W.i liiiM promint of weather stab i 1 if y for m 1 1 ct f the p r I lit r s 
con t. a i n i rig 2^ 6020 1 i a ted in Table 2- : # 

Mbes Ive system Ho, ift : if uM ii -ts- bond Scotch par polyeatet film to mild 
s t te l adh e a i ve 1 y t f o r eve lun t ion as a corrosion pro tuct I. on coat i ng « fiiriii 1 1 o f 
mild steel cont^d with Scot chpur and Ho, 18 adhetive syatem have survived mure 
than 4 SOU hours of exposure f o 4STM P-11? salt spray (which a 1 Mipwii ttli 
teat spec iments to 100% relative humidity at ISi^Cl t it«tl to ,i ctmt tnur i 
eondensit iori of hot watit .. Thin hirih environment canted mo- enrrni i.or of th# 
pro t ec ted mi Id steely mi it i# did not a ffec t the protect ion syatam* wa ich 
tricludec! two coupling agent i * 1-1630 and 2-4040* The itability of those two 
c o i p 1 i. t a i m n l u it t mo ii ph e r i c o g a n n n d h u m i d i t y ii t h i gh t e in f m f # t ii r ii i h e l c! i 
p r o m i s e o t s t a b 1 1 i t y f o r n 1 1 o f t h e p r i. me r a c o n t a i n i n § 2 - 6 0 3 0 a. n <1 / o r 2 ** i 0 4 - 0 
% i m % e 4 in Tub It 2^ 



SECT I OH III 


nmmam or Ttti chemically mmm iktehtack 


ik* mmomcnm to liTiiMciAt iosiupg theory 

To Ju** f ? 3t)-year H{f ? the variant coftpuneitts of I 

file): c! it I #? i ithiiii I cl be b# I I together liy slr< eg tdbaitVi bonclii * with the I near f : t€ 1 11 I 

h** ruling u*'in% due bit arid ,mt to de lamina t iim 3 corrosion or 

o* b- r i 4 1 h;r*""- riiih ie| Iron the w#&t Hiring eiw it until# fife « Hit scope #f 
■pot€orval adb'fcsi^u r roMtiii M iae f tim'd f'h cuff* tit tufl future module ietipti 
I- v*vry because of the wl4iTy nature of tit# component: Mt# : .ri : #'l'i 

^fih, organic fK>Iymtr*> warm < ttc , K While a unifying iheorv of 
ill Ho f i on loci pir for m if fi« •!.§: no t j» t « <! f fondant n t a i ft i m 1 p 1 e i gave r ftt® j 

i nttrfnc i#j bdf*i i^rnatioii and dumb I * * ilv eattmart to many mat trial tomb inn? io** 
iff tiittj tftf * A urge portion of thr ndbt$i n research activiti «* no luclectd 
v t tli tolar modules ham imrerlved bond i up; of *rgmit pol yiiof f to inorganic 
tub it rate § (f la i#ft f metals 5 , Con? h, the dUcuaa ion of iiiti-rfactal 

b », * tvl lop i "> a <aa v r h -u i o 1 ip iff i r i iii h e#w ity on f#§u lit I for- o ; s v 

111 tbii iii p€ c t ci f hi d i : : |i ! i % 1 1 no 1 om v for demon a t r at i m : f f midi a \ i f a c ■ i u - r f >■ > 

'H i ^ wo rk :»f on* * i fete# o: ; febo rnrnngf h ofi g 

l^otid #urfae€i> is ir-T^t # imval -to theft area erf cootaet,# Hiny 

io 5 1 i b aclher^ricli do Bot halt ;o.o : 'ip = • that #11! i^mirntm to e=i=. N other on 
contact (Figure 3a)* Hie cir • two ; mch no ltd# tro filled with air at 

coat a«aiii/iMi s * wb ' oh yiunlly lower bo adh^^ivi' ^ Lr= i> !y a gap^filltnp 

«aa?i'ri.i! rb/ir-,! the two *h'lid ^Tberund^ to «s?^bli«h rhe intimate 

so i u ! ar con Imc t at the into r I , in ih-i z I- -r- c <- a ■- A r ? fur = \mmi- • • fing $ t r coin 
C#i§ii.« 3hK- Intmrfacial mdhm$ : im% -mif he achieved by mny of $:«mf il 
f inc 1 cid i tig i 

Cl) Hi# iction of attract iv^" forces teat are physical, in nature* 

13:) Wi# forfmition of primary (covalent or Ionic) ^htwical bond# 

bridal ok tlie iid!i e t . t ve - ndh o. r€iii : intierfmee.^ 

(3) Holecular penotrati-on (interdi Him i on } of the adlms i v# ^adhe rend 
iiO:i ieulii « 

lm r«o'ir 'Hat^ncea, bonding results from a rombinat. ion of these tmch&tiiim* * 

1 1 : c ■ i in p ! i n c e q i e s t a b 1 i % h i. n g 1 1: r o n § t d y r n h !. e i n t e r f a c i a 1. b o n 4 n t % t h n 

i ri f: e it r i. t v c> f s o I. a r m; i c I % e i c a n b e i n I e r t e d f r a m c o m po s i t e n f e o h ri o 1. o g y f wh n r it 

it: it Uvu'tyn thnt degradation of the Mtirial aa m whole ti by 

; 1 1 1 , r c L : rt o f I : h c in t e r f cc i n I bond i be t we a n t h e mat r i. k m ii d t: b t: f * n f o r c: 1 n g 

fibers, I i mfif of the interfacial bonds in solar module# fails » the 

P i t : e o f r t h e a n t i r e mo cl y 1 e may 'll e j e o p n r d i. z e cl * Hi e r o n r a tb roe 

p r i nc * pa 1 mode e o f interfac ial bond fail u t € * 

(li Rifiiai lacumtii# of tile. int#rf#€^^ 

Cli leboiMlliig it the: interface. d:u«- to chamicml. r#Ktteiia r 


13) Coli e a i. «e loiiil: .!:. lit : ir e f a d Ii e $ I ■ y i g or n d Ii o ir o im! ii , 


HliiTA)lS( PACE BLANK KOT FILMED 



The fail itf# of # p*r titular bond (if indeed it fall# I fill he intd 

Irr ch-c etw it *mr»' $ site I stresses*. including moisture* l mmp&r stiff & * 11V tight, ami 
chart i ea i loiiiiiii to which it 'S sybjeetedU 

S i: uc! I# i of bond inn in solar nod ©1 .m ita wi i «#i : wm tmm m Ih# p# iwm f 

«n * iroiir-'i^# ! 4v/ml of concern with tmgmti to bond durability*. It it fpiiflii 
that tfeo kinetics of for nppfot«€t#i jotefti #ft#m •«?•# 

governed !:if di f fioiicm of mii|: or into ill# joint* To. ioer mi# the moistur 0 
elm :ib i : 1 1 y o ! §< * 1 tr ' -riodu I # I nt#rfate ia 1 bonds , coup 1 i ng agent ii of :iilt.til.#n 
ft omo f i ' r § ha ¥t been w L 4 e if ijii e cl * Or git tip (met iorui I a 1 1 an# § have roc m ! wmi fclt it 
4 c t e ;i i i * *'h ;ii this connect ion because of their proven moisture rMli'itnti 
mad ability t * bund to a Mid# variety of miter iula* including met* Is* meis! 
o a i d # i i it ! m « ** a nd o r gun i € ;p#l;fs#r i : > 

he his ii§#!t painted out in preceding lections of this report » very 
1 1 1 i I e 4 a f. 4 a re available- Dll the aging of bonded interface!* More mu k is 

I I t 4 1 1 1 1 f t ^ = I r ^ = :1 : : : * ^ 1 ^ t H € I f C t ** 1 | | i % \ ] i X f f 4 I I U 1" V 0 U U t O I -Ii X ' 

w j ter iiticl other mm i torment at at r # a He i * 


§ * P ft. I m I PILE $ OF PHY SI C Ah ADHESION 

When any mat Mills sr- brought Into elox- c^nt^c* with each otlmr* 
forc<*< art between the utosm on ilm I r surfaces that ; =• v lob-M-nhrnf; $f 

ii n y c I % * m i c a l :i 1 1 1 4 1 r 11 c t 1 1 1 n s , 1 1 1 4 • ri n 1 1 1 1 0:1 0 % % ? ! si f 1 , 1 1 r 1 : h * f t h e 11 e ! :: o r c 0 11 c 0 ill t rci-l 

i 11 nnn % \ ^yrfao" phenoment ^ including wrr 1 nbl ; ity ph -y - ica : 

ndhf 1 ion * 

M;ii. tun; a! Mitxmt€ 4 . 011 fit# surface of 4 body at ;? higtit? eriorg> ttoiri 
that in the bulk* At« cu ill 1 nw tilt iurlaif «:Ep#ri:€H€:# alii active ane 

repyUdi-vr inter act ions with thtir nuart^t ntaghbDff in ail 4 ir«t iouu , ih-sr 
ml e rar i: 1 ons ar# reapun^ibl# for the coheiiv# strength of the ninrieU Atoma 
: 0 ii: the iMr'fmc* however, can interact with only half aa many unarms! iHiighhon^ 
wlucb i r e lo or below the plane oi the surface* This a vtuation give^ riit to 
physical adbut ion* Mli#n th# 0# #11 Mdhurtnd and ao adhfim are 

b rough 1 1 n t o inti rruite contact* the at o» on oil# . 11 ur face internet li’lf 1 $ i I ioimi! on 
the other in a lyiitMr 14 imi tar to that of the nearest -neighbor interaction^ in 
the fen l k o I a homage n# on 14 bod y * Pb y * i c a 1 a d h e a i on occurs if tliiif:# | : a a nmt 
attractive force acting acrosi the iftfctrtiei between the atom# on fc-ttt tEP 
surface 11 ♦ 

i: r i I i : s 3 ci f b o o. <! i n § 1 b 1 1 1. f: y , 11 c 1 r o n g i. n r e r f a c 1 41 1 h o n c! 1 1 1 f 1 0 1: r « i 11 I t: 
yrilaiui the nclhesive iprtadi apontaiieonily over the adiierenc! tiurface^ leiiving 
no air gitpi vrtiett tit# joint ii formed * CMii-.qpihti:f# be form o#hiW« i'tig- the 
potential strength of a bond * if ii ii«iif| to iMuti wettability of the 
m 4 Itirtmi s ur face bv tha aihaalve* A criterion for wet lability is that the 
adhesive solution exhibit i«f# (or near -itro) contact angle on the adherent 
surface at imi time during the bonding protest* thi ton tael: angle 8 $ iii; 

; : X I > x r ! f 1 :: x . ? ! 1 v ill X: a f i j x u x! p ii x Im t % r O f a 1 t II U 1, ll ^ Ii o 1 1 cl I, f 1 1 II f f 41 C Ii , 1. II cl € f. 1 ti € 4 II 4| 

: r i x; n g 1 i b : t w c e rx i 1 n m o f I: Ii m i 0 1 i d s u r f « e a n d a 1 i n m cl r ii.M : n t an g a n t i u I 

m the inirfae# of a mmlt liquid droplet at the point where It €hm 

mmtwm ( Figure. S) * It m -tmif to :§t# til it # going: to loro- .nor r«. ponds to f:li#: 
collifi:# of I till: droplet M it spread.# a,c.ro.t.s the surface*. 
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LIQUID 



f | |:!i r i: 5 :f III tag r i|. ii o f -ii Li qu 1 4 Drop l « t nil t Solid Syf flic a t w i ji g 
the Contact Mg.it tilt# Angle StLifiift thu So lid Sntfmzt 
unci .4 Lin*? tlrmn Ti-g^nt i a.!, to th^ Drop let * # Syr face at 
|Q' I : - tit it Tou«'h^ the Solid -urfii-ee) 


The • :mt •••* • ? naglt* <t If H^ygh n lindiiiient % 1 of «t I qiMI it y » hi noi 

i pr»vtic«5 n nodule J^jlgrt btauii it U a pteperff of the 

comb iml ; on ^ ! juih-frive :i'h iili-r^td* for inefir r ; u <^luction porpoitf it Li 
deiinibL’ th.iit nubility bt yre^h-t/iMe fiom qq ! ! nnt proc^rt m*& of the 
it*4 iv Ldu* I rather th*:. their *qhh1 <*>\\ ion« Tortuncu^ly ♦ i : ||.ii ii 

pOiiibh'* Kijprt § .item % plot: of * %f.# the ^nirfuce tttit lari f for n 

flu mbe r oi thmAAs on t mo po 1 < q ir f eo e - C:fi ^ 14 1 * fhaf v& lot o f 

y : !ie re c Oi# ri s eh-- ya 1 1 y ii cal ' e < titii c; r i 1 1 c :\ 1 vi 1 ye f the iur f licit t #&i urn 
iti'4 fcipri*«at:« tit# point fJtc re ff x-^i to nero * N'rotn <n d«*igti point of vitv* it 
iiot€ sti it able enter -on for gmmrLng *pr«»*di.ng of an *dhe*ivt ora an iidbrrimd h 
lejrfacr ii tfc.-n that Lhe marllf#' fiaiioi .of the adhesive solutim w t &$ l#tf 
than rhr critical #wfM# tension of the adherend mrface^ .dr 

a#i#§ i vt .till# riiti 

pi js %tit m 

V* lues of t-heae paraaeteea are ava i table In the literature or from manufac- 
turer* for a variety of .« 

I f tJs« surface of an adherend If suitably wet table by an adhesive , than 
it is possible for a bond to it f : ®vm4 : ‘ tt*» bond at:f#rt|th: i» typically 
fl^ncri ht»c in terra of the m»wU of adhaaidriy which i# tha fiifrgf r#:^air«i : pfr 
unit bonded ai < a to separate tb« adhesive bond« the greater the va Jut of 
as stasurfi by, for example , a peel test, the ftroagw th* bond* 

Ihe I nf e atomic forces responsible for physical adhesion are usually 
divided into two classes, polar and dispersion. The contributions of each 
type of force can be determined froa surface £ree-«n«rgy Beaaut«a»nt»» te 
expreiiion for the work of adbsfidh c*n then be written in terms of the 
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Figure 6. fl«t of cas$ v# Ff/yr (Surface Ten# ion ) for a Number of 14 q».i i H *; 

on the Surface# at l^! «t rtf iuoroethylen* and Polyethylene 


polar -force jift4 4 is pars -of Ifyi surface free energies* Yf 

mi Xp roi pecli vely- * of £h* -MU'm.im tcii tit# f km work required to 

separate a joint formed between materials designated 4 ail'd 8 (Reference 16) I § i 
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Basically* Ipitfioit- 2 aiy# feat: fd:l» materials tend to bond well I# at Ititr 
polar materials * and materials with large dispersion forces lend to bond well: 
to to: birr muter la It with Large dispersion forcti f let other words $ like bonds to 

tiki. * 


Silane prii ire used extensively in the production of tolar modules to 

b o nd t p o r gan i c a M i nor gan I c i ub strata § .« Mi i 1 e the che w I c a 1 bond I n | ah 1 1 i t y 
of three primers j,g usually emphasised * they alto exhib it physics! adheaion 
properties* Table 9 lists experimentally wt&s.aredl value a of Yf and Xfl for 
i aeries of comae re ial §itafte§* It is seen that through chemical subat itut ion* 
the pro pert lit of thasf materials can it altered so a.s to bond physica lly to 
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almost fifty 4**i red substrate* 2M>03Q 8 tbr :ex*mpl« f would bt 

expected to Into vtol to highly polar surface*! while 2*6020 should ton d we 'll 
ito. materials with a large d i%per% iormfor ce component * 

Ecjunt ion 2 works we II for pred iet ittg bond log ability of or gan I c. go ! yen r t 1 
i nor. giii. to. glm.m.M nd timil* pabictaM# teififi in mmtf siitii >os4'in§ : fci : 
metal surfaces it ieier ttad in. fceftii oi : # IM,# reao'lta 

from the fact that many tiliwion f r apart l#i of metals are dominated If frhd 
tr id- : bas€ interactions Of the oxides that cover metals * under ambient 
atmospheric exposure (Reference 1?) * As painted out by Parks 1 Reference 14) 
ami Beiges* and Hichaels (Reference tf): f experience, stows that different metals 

:i t h i r o :x d e c xi L x p 1 ay wi dm 1 y d i f fe ram: t ypnii o t i rite ran t:l:mrs wi. tin. ndh.es iLvet 

II II. i c o r if o a i on mg. e n t a b a s: a ct a p o o. t h e I. ii o e 1, e c 1 1 % c p<> i n t o t t b n i r ii ti r f n c e ( 1. E P § ) * 



fftii IE?! m defined m tfii pH %#ttr€ the mmmnmM met a 1 01 i.«k but facies ftti ii.r& 

f i r f ii e II; r go a r wh e t: e t ft e e o oe. # ft lir atii « o f it y i r a g :it n a. rtd h y d r a % t d a t o n ii 

:« III#: mm. tm% mtm i,*- lit#. lifts. m i 1 -pmA-m wnrfmM' i«i titif 

•ere a i a en m III ift order. -o-.f. female itfm 

'!Im? principle# of banding polymer* f ^ »#r#l «ri. r it ill 

.fiat: imt :I. : I. kiiawiiw fflii: :i:ife#i4.i| : !i : ill .pet iM §:kfrmnM 

'mp olpxmr$ to various petal surface# hat' te#B i) isl itci 

eBt pMtarn -pi f«f.f 0 -»tne€. I# •* For example* ac id mfiiodl f i M 

€0p-4y«rs dr- tmi m ccsiarily form tie strongest * most durable bonds with 
-iiai h no (ht'ivy surface#* hot atsinr ^'fvMic f; icintl taid m&ter ia I a 

itece. "#ari !y beat- on acid surfaces * Clearl-v* this I# an area fM.it r«.^uira : # 
f u; rll it r r it. ytly * 
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1 1 m e &U ** si m mmiiM th , Its pot patr *t o -m 1 »« r & 1 adhesion, tk* wi *k : %mm i§ f y 
Iay*»f is ostia 1 1 y water or a loose corrosion product, result i?*I f?®m fck* 

#»v rronaent , on the mineral surface* 1«: either case, the tik #*!»• (polyawr) 
must: be capable of competing effectively with the potential-weak boundary 


If the surface energy components Yp and Y$ are known for « mhstmm 
■/r-i-i ,m 5 i -•«? , then the thermodynaalc liability ®f the iistarfae# between 
' nem in the ;>re *.•«<. e of water Can fnvirsnaietttal of major concern) can ba 


determined. If water diffuses into a joint between two materials k and 1, 



The par uneter Y is tatimm ir«i energy of water and ia .eoaal to the stt 

. „M H 2° , 1 * 2 

of. r t atid ? * wtl igh Mre 22 * 8 mJ/ii an<l , 2 tn d / m f If 

AB 

W 4 < VT * -i ■-* rt lcul«ted from Eduaf ;on 2, tllfn th# bond! hi# been wuikened 

A .I!' 



II i i n g 1 q u #. t 1 o in 3 f i n t e r ( a c i a 1 a t a b i 1 i t y l n a. mo i a I: a n v x r o n me n K c a ct. !> « 
predicted graphically for a given substiati as # function of % Mi •% nf 
t he i dh a a i v.« « for m %mmp 1 e f Figure ? i nd i c a t a a the reg Iona .a f » t ab i 1 i t y and 
£ m burnt tag to m iron oxide substrate in a wet environment 
C I & f e r e n c t 20 } * 'The line r B p r a $ % n i. $. th on a y a lue § of % ittd >jj f or ShS 
a <! h o a i wb !: h a f: r i s u 1 1 ill i bold- iilf Mg#i of wmM t If- l : f • r o *• It Mi at: be ke p t i n 
ii t • :ic! t In a i:: f: In I; a a f ) i % r i : : c h t o b o a cl cl u r a b i 1 1 1 y p r e 4 x c 1 1 o n i a t h e r mo 4 y n mm i c i n 
natur# ini dors not £ftcl«4e My kinitio cMaid.tr.it-iotiA •: If : tbi : :fe : isia 

for water to penetrate tbe interface fi long .eompaired to the 111# of thi 
module , then omen a. thermodynamically unstable bon.4 may perform area 1 lenf: ly * 


To stabilize a litMr fit't r Milt be freyeihfei- from.. 

tlii iptirfae# during the module^ useful life or the resiitance of tMm 
Int er !'ace to water must tm increased. One Mf.prOlcfe to this problem is to nil 
t Ive j o i ii t a m i t h m.a tariili that h eve : water I f f tition tit #1 § nth 1# ep OK.ia i 

or pbenolic rtaitis^ Pnfortritiately f mm f of t!i«€- foil, m w$mt one 
car iicrra reflntfeiiiafxts for ore in solar module#^ inch as transparency t procesal- 
bilityy etc:., the other alternative of itMtliiitig til# |.a:fc:4r face ipimt 
ntluck by water can be achieved by coat r 4 led chemical, bonding betweit till 




ORIGINAL Pi L ' 
OF POOR 01 iLilY 



Figure 1 , Predict von of Interface Stability for Substrate in m 

Wet Environment a» a Function of Fy and of Potential 
Adhesive#; Calculation Was Made lining Equation I and the 
Values of 107 ®J/m 2 and 1250 » J /» 2 for % and % of Fe 2 0 3 


adhesive and the auiiitrate through the use of a coupling agent . An excellent 
example of this approach is seen in fiberglass -re in forced boats , wherein the 
fiberglass is chemically coupled with silane to the laminating resin. The 
successful experience of many thou tends of such boat* in water inspires 
con flieacs » 

A number of chemically bonding coupling agents have been identified, 
including modified silanes , titanates, phosphates and chromium complexes. The 
FSA program ha* emphasized the use of silane primers because of their water 
resistance, transparency and ability to bond to a wide variety of materials 
(organic polymer# , metala, metal oxide#, glasses, etc,)* furthermore, 
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= v r Iona I compound# liiict tivoii um4 f« : iiiiif y«its ini coupling 

agent* ' ?» glass fiber# t0 imptowe the per f omance ol gla*«-T*infarcedi polymer 
coupon it€f * and to ail o# retention of prop** toes upon, exposure to wlfM?#* 
Ccimareifl iil-.iw coupling agiilfl lire mail,,-, I# (Table II) for banding to 
v i r tin 1 1 v a r i y o r § a 1 1 i c po 1 ywm t * 

Hi** coupling mechanic of bhtoiifh silane# It complex unci only 

part ially under hCihM * The genera 1 Mm lift been to nit «t nbifutiet tonal 
jiilime t bn i Mill undergo tmm reactions * one mi t'b a mineral substrata itrtd erne 
with iia or giift i e adhes i vi , t run forming b cant imi m« * corn l#o.t chemically 
bonded bridge between 'list two* 

Although the concept that the observed durability of §i lane ^primed 
■ Ct nr x n, nn cm.a due to chemical bond I rig C rai her than improved physical 
adhen ton. ) him existed for many years* only recently lias -direct evidence of it 
beeii avail able* "la'liida and Xonig- 21 j : Um% mmM Raman and PTIi 

f pec tr cm topic t ocbolquea to observe coupl ing^agifit^to-aubitrat# inter facia l 
bonds to various gi«i^§llane ifitiiiiff. : Latgely at a result of their work* the 
details of bonding to the ixtorggnic aubatraica art fm? better under stood than 
theme of the handing to the -organic the- chlmis'lcry of a typical 

ti, lane coupling -agent on a silicate glmm is mit lined in Figure i 
{Reference 22 ) « 

Commercla I coupling agents ate usually available as ftmctiorntl toed 
trtaikoxy expound# * The functional group X to chosen for maximum bonding 
ability to the organic adhesive* The alkyl, groups R (typically methyls) are 
removed by hydrnlff is in hot Mt-ter Hil 4 the t ; • tt$ si I a no !'§ dissolved To a 
tollable solvents TtiC prime? if then applied to the clean glass surface and 
the solvent evaporated* leaving a hydro gen ^bonded networks The final e-te-p I# 
to cure the 'system by haefiiig md drfim? • in the formation of a 

polys ill ox a no material bound to the glass by mean# of Si~ 0 ~$i bonds * Bn cored 
coupling, agent shown in Figure B is 11 linear polys i laxane | hove v a r * by changing 
the functionality or mixing mult iple TT u> I s , 11 three -Biue naionjil go! ye i. loMran 
network can he formed*; A major contribution of Ronig and poworters to 'the 
study of §il an^gla&a bonding has been the development of a computer-aided 
FTIft technique. with which they nan distinguish si 1 icon ^oxygen bon da or roes die 
inter fate from thorni in the polymer.-. ®i : tog tMf t#chh.ic4ue t they are able to 
quantify inter fee ia i bond strengths in systema where me eh am cal (peel) testing 
is difficult or impossible , and to identify opt iiiy.il bonilmg. cohiltio-ni 
('Reference 9 ) * 


:D* I STEEP IIASE STRUCTURE: 

It was pointed out in the preceding section that the nature of the 
coupling agent bond tug to an inorganic ia fairly well understood* 

tfhat in still uncertain (and quite controvert ial) is the nature of the region, 
between the coopling^agerit^^substrate interface and the bulk organic adhesive f 
called the infcerphaae* "Hie re are at. least two mode la for this region tliat 
have attained scene acceptance in the adhesion tom&uni&f * However , before 
examining the details of these different pictures* it is neces.sary to 
under st and the importance of the interface^ inter phase region: to. the Integrtfef 
of the bond * 
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Mb«i vs joints usually debond at it rtsm'it of cohatiwe failure in cm# of 
the edhereitd# or in the interphaiMi region itielf* Threanmabty, mechanical 
strength requ iremeoti of meter it la oee4 in ""lax mod alee have been assessed 
;nui n cl f r- d in se lection of the structural components* (Inference 23}* 
However | oven with optimum chemical modification #f an mttrfa.ee t a durable* 

water resistant bond will not he fimnmA on 1 nn$- the i nt ec phase region alto has 

adequate cohesive st rfngtlt and mteliaslcal prn^mtini §mh m. rigidity* tensile 
strength m*d toxigtmem to carry gfte i^iclianira! loud when the bonded system is 
litre ,,*#ed » furtHormore ? there properties of the i rs ter phase must: bm reliif: ieoly 
inserts it ive m hydro lys is * 

On the basis of many observe! ions * a master curve %m been dewe laf#i 
( F i. gii r a 9 ) ti l a I: i rag ! o t a I p a r f o mime e ( i nt l ud i ng. moist ure re s i a I I n c e ) o f 

composites under a tress to the degree of structure In the intar phase region sf 

or^oinic^inotganic composites (Reference ?) « 'to. all cases * the performance 
curve of Figure 9 «su*s optimum chemical bonding at the interface, 

Many of the polptim.c materials mad in fabricating tolar mod u let 'have 

mechanical properties in the range of minimum performance in Figure 9* Id 

develop water-resistant bends to: s:iicli tie fat: if facial region »if bit 

modified in such a way at to develop either a i.aeky (viscoelastic) inter phase 
■or i. cross linked interphaae* In all cases it is necessary to modify 

only a very thru region tm optimum btmiifif # This makes it possible to obtain 
water -real st ant bovAm of flexible or rubbery coatings to metals and glasses by 
means of cross 1 1 nking without sacrificing total flexibility,. 

Thu t r ad x t ’£ ona l v i ev o f chemical, t j bonded inter faces t coming pr itic £ pa 1 1 y 
It an extent i on of physical adhesion ideas* is the sandwich si: nictnre show in 
figure 10. Th J a model describe# the primed interface (glass-EVA^ lor example I 



TOTAL COMPOSITE PERFORMANCE 



F i gtj r<* 9 ♦ Var i at ion in Tot a 1 Pit f ormftiittt o f Organ ic~ loot glii; £ c Compos I f f i 
yifh | : n. fo.lfiitr Morphology lliiiir tht TiitM4aci 


II i ii $ e r £ it a o f d I: it c r e t e I n y a r i o f c I e a r" 1 y i de n t i. f i a b 1 e e o m po i i 1 1 on n a i 

§ t r y c t y r 1 * Th e a l 1 ay m % tticiiida l 

Cl) Thi bulk glass sub at rati-* 

ti ; J A region including the wurfs.ee mar lolayer of glass molecules niii 
the eont.actifif MiioMf^r of potyiilb^ni molecules botwi^n winch 
tfett# are :Ofctsital bonii. I inti riant. 

<1) A region of bulk polya i loaatta (ini erphitae ) * 

(4'J' A mgibft. including tte inrftcm mmo layer of 1VA- iioltoulet anil tlin 

€ o o t a c c I. a § ii y e r o f t u n c t: i o n a 1 i z e d a o 1: y it i. 1 o ;i; n n e mo 1 a c i,i Ii | 

between 'which there ate chemical bonds (interface 2 ) * 

;{§) Tht bn Tic 114 region* 
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.GIASS/POIYSIIOXANE 
CHEMICALLY BONDED 
INTERFACE (No. t) 


BULK POLYSILOXANE 

(INffiPHASE) 


POLYSILOXANI ' L: a 
CHEMICALLY BONDED 
INTERFACE (Ntt. ?) 


BULK EVA 


f i jsru r e t Q * Saudi# i eh Hod a 1 of Si 1 are* ■ F r i met! Q1 a > o - E¥ 4 Jo t n t 


Within fde* framework -f the i/mdwldh two clearly define 4 

iivter footoi and an info r phase region coni fating .of bulk p^lytmr ized coupling 
agent cun. be "If fM# i : i iff i€€.yri:fci picture of the. bond ? then * 

mnuming ad e pests- Metrical bonding : §.trengt/:% at the interface * the petfor»en:ce 
ii:f. bcirtcls in tolar modules using silane pr caeca will depand on thi fsrforiMnee 
M the ten tk po 1 y si I oxime * 

The propert ies of the polyiti laxanfe layer are primari ty dependent on the 
nil u iri 1 lid « i. t i n i o i t hi c u i i ng ( pa lymer i. sat ion) process* The in itMliy 
deposited sil anils istij.it It erase linked It! or it# to form a wat«r~reai atanr bond, 
(lirferetiee 24). StJoifiS of feri : ii§ th«: :€«lf itiffs : of ew«i t'liir in Ik pritoiir 
re g I oil c * > n £ I s 1 1 o 1 a m u 1 1 i 1 iff red sir lie lor n c f oil ge'ii# r ic § 1 1 # carols t It a f ii r e 
i o 1 ub 1 ii ii ik! ft* i £ b lo # it lie iitiiig; cifnt' if f if ti : t th ii #Oftd#gtfiil Into # or os § Imlii 
I i 1 i. c a it e $ t r u c t a r e t ha t it I; tit ol ni l# liid ifif tiiite |e 

The ability of such a network to absorb and dissipate energy when 
stressed is i fniiotioil of .#• mnsbtr of .miter -i at proper fie#:*- Tya of tlie 

giasc transition temperature fig) and ftrn fraettif# mm. rgy f i«: |! prlmiTy 
importance* 

ft ill been suggested that a good criterion for the Tg of the inter phase 
is that it: be in the middle of the service temper ature range of the modules - 
111 I... i i. c 1 :> ii s e d o ii t h e f i.c t that a ii n. t e r i a I 1 s n b 1 1 i t y f: o d i ii s I pn Ii e 1 ow - f r e qu a n c y 
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f r i t oil I ::h II r II p Ti I 111 I b ! f fh ¥ HO II t i il|l€l r ;f 111:1: i I fl II II 1 1; f illicl y !.. II ! 1 i illil 

mm T|^ ftm of lh# poly^ilomm wilt be a function of thm proe«SAtfig 
; i 4 I bm^ boo b Iki fertile# 25) in4 liiifliri ill: He I we 1 
till ¥ii c ii r r i iic! cm t §oia# p m 1 1. sii fin r g n t: iii I iiii «i t|i« t n of -#&¥i r « l c u re cl il l-mm. 
p f r m : bb ~ 14 02 0 , §fi ■ ft§30 an# If IImi riiiii I wmchmn % c n I i £ - < 

S. . ' I with lie id |. f I pc! oa t ¥ r (pH i.) in I wm^grit rat ■ ■ 4o 

a 1 1 owinl t o pi 1 y in# r £ ft an i aw a pm: M : # f it inn I t mi # 01 , 111 1 y f I y ft# a i ing a t 1 3 0°€ 
ovarn Sim!! sample piee«§ m.re then and IS -#jfc£ samtura# : |at a 

neon rat# of iO 0 €/»i nK .iliac iaainip# to about ainplai wore coo l#d 

m4 re^' 4 mmei to 4mtermim itei. effect of the firit icon Cpas tearing 3 on the IL 
of the i it liras % * 

4 ; i f 1 1 1 1 ¥ Ii oi % ttti; 1 1 as i I: r a 1 1 1 i f % * • a c. u n pr r < t u r e t a f tliii i i « it f 1 11 r 

pnlymrinmAm at ini after thtfitii scanning to about 40Q°C* llti Ait# 

iiiciw l lui !:: 1 1 • 4 lit: IfQPfi til r*£CMI live! a 4 i 

taaill tdti't:-) liltw rai!i#r low T| 3? 0 €* ^33°€| and 25 0 € for Z~60?0# SSo 10 » 

uric! 2 - 60 3 ! ^ re # pe c I \ m 1 y K However * jicii- t curing ra i tad Ilia T» t ub ii t a n 1 1 a n ¥ * 

1 1 pec t ii 1 1 y for til suet 1^6020 ani 15 s * 60 30 « 13iis inersass In Tg ia cooceivably 
dot to addiHonal ml work formation or network rearfitt^r^nl it a of 

pm tmt in ii 

Tha criterion of hij^i fnrtura sntrpy iy mcir* t to ui th*> 

cate of t.h.€ iiiiiis couplfiig opuntg than tllil of l' F ! bulk p^tym^r Ine4 eiitnrt 
are known gpri^rglly tc poiisi little nacbanical --trengtH, fly v ara* in fic^ 
widely used as «;i 14 r o 1 ^ n t e aipiii r I o r h i ^ t iriiji e rale i r # iu r i o % fr oa « fi ns * 

Critics of the siudwicb no 4 el nr poo that if there it a layar of bulk 
pel yin loEiine pryfont #t in iiiia-r fm fi f , t bon- fbo luind wilt !ia inherently weak 
Ihiciicii# of the 1 ow : colnm i vs sf rorigtb of this material « Recently ? super imental 
o v l 4# ri¥ ¥ r h n t appear ! to top por t to i. o nr gunion f foi s come? to 1 £.gh !: ♦ St: cm! i 1 1 by 
Kotolg C Inference: 9} of bond itfvngthu of o poxy-gl ii.¥¥ isrfacss e o a r o<| with 
ill mm priiiere sImiw t hat ai thci o.l primar on &m iiurf tco of the glass 

bsl'oi¥ bonding it incr«aa#d* tha bond $t rroof:h initia^y tiiNioi * roe chon- a 
maximnri and then daettnaa* The Ifit^rpoif it Ion of them, so Iff la tbit, rhr 

i n i t i $ 1 i. n c r e a i # in bond s t rang th it due t o lucre asing de nslty of i n t rr f me t a 1 
chemic^ 1 bonds ♦ Once a chamicslly bound monolayer and m. few f.probably <10) 
xtamg ly sorbed layers of C0uplln| egefit bairn Men depart ted cm the 

g 1 1 1 § i iirf « o , add it ion of further primer only result! Iff the for Mai: lift o f il 
hoik layer which^ due to its poor mtcbanical properties after cure * 1# 

iiub.|iet Ni eehf-tiwe failure^ 'resulting in -a lowered bond itrength f figure 12) 
Cfafrreoco 26) , 14f sxceis or imer is deposited on the loir far# , it i: an bo 

r i « i ¥ e d by wn i h i ng w i. t h bo f: wii t n r or a ! coho I bo for o boo A i ng * w i t It n r e a ii 1 1: 1: ng 
immemm M bond strength being re a 1 i. led * fe is apparent, ill it th-i-i pfiitiomenon 
•is not limited to primer i ;# iafiitoki Itofareiiee 2?) has reported a 

aimitar hood strength dependence on adhesive tbickuess in studios of Ai/Myb;m 
1"| liminat:##: * 

leceiielyy nn a It sr nat iw pletiir# of blit cSomiemllf feoniil isii;c :: f«c# mA 
the int%vphm€. region in particular hat begun to emerge * : Hit tni : #;rd iff till 011 
rroKlel, a a wti shall coll it f is depicted in Figure 13 for a si lane ^primtd 

$ 1 O i ii ~ E V A l O t 8 t f II C € , 111 ii $ HO d ¥ I d i f f ¥ C B t V Om 1 1 1 0 S i Iii W 1 C 11 110 il « 1 l O f b ¥ f. t ¥ O f « * 

ii no bulk coupling agent layer preaent,^ nor is thtr# a clearly defined 
c o ii p 1 1 ii | ~ a g o n t - o r g a n i c i n t n r I a c t » la t b a r t h e r e i s a n 1 n t o r pb a. a n r a g i o n wh t r a 
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TEMPERATURE, °C 


i ft T € m pi 1 1 a fc or € i of Silane Coupling A.|;ii ft !: i 


i n I irrd i. f f i.i s :I on him ncriTirr roc! between the coupling agent and the organic iiiliilsllii 
before cure* The composition of this region as a function of distance friiii 
I: h ii i i l a tit *»g 1 4 &$ inter fact ii ifelti i ofitMiti.O.i fly is ® # 14 * 

To ii 1 1 : 1 1 i : ! a f l i y g r a : ! i a n I o f t U o o r g ii 1 1 i e n d 1 1 m m I, no % n t h m i n t e r ph 41 # € 

r e |p| i orii ^ it ii : ni.c»#iry tfr&fc it ii iOlniSlii: In friiii : ooyfling. or ;prl»t:f 

ffii ffiiit it some t£m during the : tofidiiif jroeeim itimsw two Mtn-rliiti 
b.rvM lm tiohigli vif^ai'ifc'y to allow mining* Once the materials have mixed * the 
iyii'tiit ('Tin b# cured f resulting in the formation of a heterogeneous network* 
Proponents of the interd if fusion mode 1 argue that itMlt I network will : fe# iiiacfi 

- t r ■ ■ * r $ i m i r m: by. I o xii O ': I a y e r a n d t h it t i t . I a t h. I § t y p e o f 

i t rue turn that is aspoiiiible for the high bond strengths observed in 

etami on 1 1 y bonded o r g a n it-i no r g n si i c interfaces * 








Gmmmi pm ; - 
of POOR QVAlni 


CH IMICM LY iONDf'-O 

IN f ( Uf a C i tmmmMi 



ft. gum 13 * Schema* it Repretentati. on H t!m tnterd if fusion Model fur a 

lliliinimff imed G!arm w E¥A Joint* t>pmi Pirellis Indicate tlegioftt 
of Coupling Agent t Filled Cite le# Indicate ftegitmi of If A 


The i t r 1 1 < I t t r it 1 4 1 1 1 1 : it 1 . 1 § o f t h it I n t # r p ! 1 1. § 1- r a g i on .i. r e It n r g # I y no k no wn ♦ 
Hi.-wooor » depending on ibn nature of to# coupling iforit am! the organic 
iidhi* ii i w * on# o t i mt huit *&rnct :i iltf if ii likely. In Blind ing to irouc t tve 
thu r in com t rrr inm , the coupling agent may diffuse Into the resin ant! 
copo 1 ri.ro during eyre * forming a virrf strong chemise tty Item did network* In 
Wjs* rr active resins* partial d illusion may occur followed by tipteat# 
rm ! yfiir r i z a t { on o f t he c m%f I i ng a ga n t and t he organic adh#* I v# * r i so 1 1 1 n g I n 
the ' t an • . mt rating networks In the cat# of ocm-ro §c t 1, no 

Ihmtimpl iii 1 1 <: i inch lit po ! ye trn 1 one or pol y propylene * a ft or into ml of foil cm 

on f y the ■ • . • .. ct • " - ■ ‘ * oi 1 1 ink * leaving a pveudim in terpen# trot ing 

po lymer rie tvork « Fin* ily t in #o« £#$$$ tong^chstn l in# ar coupling agent t 
will, fee mid $ which will interdlf fuse wtfefe. the polymer mt r in hut will not 
croin lifi;k f Immlng either n pseudo^ inter pane tret iftjj network or a imp ly a 
heterogeneous mi.Myre of long ’-chain polymers* depending on the nature of the 
or g ao-ic lihttif# *■ 

Studies of bonding of silane-primed glass/BVA jot atm appear to support 
the irritt rdiffiii:loii mode 1 ♦ If the silane coupling agent a used cure before 
iielihifig of the EVA, there li. iitf le oliaiioa for interdi f fusion and .the bonding 
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Figure 1 4 „ Plot: of Si Ian# w Mhiu ; ; ive CoiiCAfctrat: ion Crud lent aa a Function 
of Diatince From Inorganic 


ill weak. It i,;s observed, uowver * that bond strengths improve if silanoia 
tfi.it .c.ut# *t a temperature similar to that of EVA are ;ui«di> : ail:0w|nf 
interdif £us.ion of .thm two- pad fm.m.* fur if a agent 

ILuptrio! tii) li fiifl to the ltA :i tt interpenetrating network Ciiif he ftiifiiiii 
ii.it It f u r 1 1 * : # r a i gh i £ .| eati t, in or in hood gfe t .« jj i h being real i. zed. 

At the time of this report? the theoriei of iptetf'itiii irt mil. 

§€ifi. of fiiiE. Hiiif of. the: lie# aopetfti bi.lfig. in€ 41i.eni#e : i. are net 

yet proven erper mentell y* However? considerable work is being <l«f in thiise 
mm$ m%4<* it It in the near future the picture will, become much 

mi mm.m* 
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mcimn tv 


process ibc considerations relevant w iimpAcm mmim 


Kv**m I* optima* iiysieits for bonding in m lar ma 4 ti.lM art identified Is 
'the 1 j*h« > r a f ory * 1 t rang. in mb It inter £#c i a 1 bonds may not Ini obta imed 4 f 
cartful cans id?> ration is not given to processing techniques* Drvii lopmnt of 
pm4m^ki m to insure adequate bond per fariiiifica ii not complete | 

tr nvei * a growing body of enperienct and research has identified #» ba§le 
pr inc ip las * 


Pr i.6 € - 1 1 n | c on § i de rat I on t $i in^rfaiici £$ inter f^c i n 1 b§nd I tig fa 1 1 mt o 


broad 

efp»r t.a§ t 

(1) 

•fe.r f ace pr^pttrai ion * 

•C2). 

Applicii! ioffK 

(3) 

Cur i. rig * 


In this auctions some (but ct rtaiiily not nil) of the processing i**u*s nf 
relevjuice to bonding- will ha discussed* In 'iiiinf - instaoeo^ the iiiiues will tie 
presented h"o' in format Ian* without: -pacific rmcomendat ions * due to a tack of 
suffix i.t’it diitn , 


:|. * Si.Jl.P4C E P REPARATION 

Preparation of a4hemu4 iur.faccs heiote ip^ticutioit of a primer or 
adhesive it of fundamental importance* Unless weakly hound surface layers are 
remove J , the/ will likely lead to failure of the joint* the surface layers 
pay be wa t #; r ? o i 1 1 organics * o l l.go#e r ic s pe e i e s t c o r r o si on produc t s or ofche t 
contaminants * For a ghmm #urface r the nature of tfti.ii layers must he 
determined and suitable cl eitoiiig procedures (abrnsion, washing t etchings etc*) 
established* Furthermore* the time between denning and application of the 
g ma ter oils' itould. bn kept to a minimum m avoid recontaminat ion ♦ 

Most inorgattic materials also have oaMe «4^or fcfdftM-ii layers an 
their Surfaces* In a humid aftvi r onment ? the durability of clean glass or 
lutioifii oki-it i-urf.aei'i of solar cells |.$ controlled by the reaction 

fl-t-M. ♦ Ip 2 Siffii* ft) 

Land* ford (Eeference 28) has given an expression for the depth |B§ of hydroxyl 
ctnv-' : x’ad of §l#§§ ns fcillowi t 

D 2 - It ' 5) 

where t is time in years and 1. • 3,3 * 10-9 m 2/ yir y the diffusion rate 
constant for water in glass. Using Iipiticai; 5, • nisiple calculation show 
that s/ 1~X~ thick hydroxide layer will huil4 on a glass surface in approxi- 
mately 11 days. In order to eliminate completely the surface hydroxide 


Si 



1*'/* r on R~gi**s fiber* used in g 1 as # - r* in forced epoxy , they *r« coated with 
primer immediately (<l sec.) after being drawn. 

It is important to understand the effect* of the presence of oxidised or 
hydrolyzed surface layers on bonding to determine whether it i* necessary or 
to minimise them. Generally, it L* found that bonding to a 
surface is wore efficient if the hydroxide layer i« removed, The -pretence af 
such a layer may advert* if affect the bond strength by causing the coupling 
agent to orient itself in a less - han optimum geometry on the surface 
(Reference .29), Removal of- the hydroxide layer can be achieved by etching the 
gists in • strong acid gelation, 6 b the other hand, there is some suggestion 
(Reference 30) that treatment of metal surface.* should maxlmt*,* Outface 
hydroxyl at ion to produce optimum bonding.* Subee^aant chemical reaction with 
iow-ptl groups of #dhe#ives and coupling, agents sees* to provide durable* 
corrosion-resistant interface* * 


», APPLICATION 

One.® the adherend have beeti properly cleaned, they are ready for 

application of the coupling .agents »-v,M<n: aih i-iy i-. These arc usually applied 
*» neat liquids or solution** The pby*i<tgl method! of. application may 4nc lude 
dipping, spraying, wiping, painting, etc, ... ■ mat ••• • of choice will be baaed 
on the nature (viscosity* temperature * reactivity, et ; e») : of the liquids being 
applied* 

If a material is not applied as a. neat liquid then care must be taken in 

choosing a solvent and preparing the- solution. If we cotta idet the i at ion 

of « primer , the first and tnoiif bbv.io»o* -criteria .for Selection of a solvent 
are that it must dissolve the coupling agents sad that it must b« ncm-react iv« 
with the®. It must also he capable of. wetting the surfaces of the adherends, 
as ditcu.«*€d in Section 111,11 above , and it should b« #.uf ficieatly volatile C® 
evaporate in s reasonable amount, of time under relatively mi 14 conditions . 

The pH of the solution nay also seed to be, adjusted , since it may affect the 
stability of the ^oapliag agents m well at their deposit Ion on the adherend 
surfaces , 

Boerio and toworkers (Reference 31) have defined specific pH effects on 
aminos i lane orientation on oxidised iron with an isoelectric point of pH 5 8,5, 
When the aminos I lane is applied from basic solution, pH 3 10.5, there is a 
strong tendency for the molecules to deposit upside down (with the amino groups 
next to the oxide). At lower pH there it a reported tendency to reverse this 
orientation with a Hanoi* bonding to the oxide. At high pE the tendency to 
form the ring structures of amine to ►silane i* enhanced and lowering the pH 
tends to open the rings tad enhance the amine reactivity with the organic resin 


In Section Hi it was emphasized that the thickness of the coupling agent 
layer is critically important to hooding. In practice, the amount of coupling 
agent deposited on the surface is most easily controlled by adjusting the 
concentration of the primer solution* However , the concentration must never 
in allowed to reach such a level that molecular association begins to occur. 

It has bean found that under such conditions the strength tod durability of 
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' : i d e § r ii i I * ricii 32 ) , Aft « r cl«po« it irm nil*!; ini t.i« 1 i* y mg. o £ 

the ps' im-c , if may be desirable to remove ion* excess coupling agent before 
application of 11 m- adhesive mi cure. This can be achieved by w##hi«i> the 
NMrif# mi .*a appropriate solvent (e.g . , hot water , alcohol) follows by a 
second drying.* 


c . mm 

Th<* final <.;«! egory of processing considerations relevant to bonding 
involves curing of the coupling agents and adhesives, the physical and 
mo;- 5 ' ml f.cl properties of the bulk adhesive end the inter phase region are of 
arnica importance to maintaining a strong bond. Host Of these properties , 
shell as Tg, fracture energy, cross l ink density* network, topology # etc, * are 
strongly dependent on the details of cure , and slight change* in the curing 
eye T« cart liter the materials significantly. 

Cure chemistry of multifunctional, ?*utticOW|Wftl»t systems is so ermptex 
that it is almost impossible to pmiicM tbi retat ionship of dure cycle to 
final mechanical pfnpr r t ies i consequently * studie of relationships are 

virtually all empirical in nature ♦ fair this #1*1011:.# it : i# almost impossible 
ie- give even rudimentary fuidellnia for curt of bonded i .liter fie#®* tb* 
guiding principle, however » must. I** that th* ieiire jprodui art interpbas" 
region with mechanical properties iba* gjiv# tmMtmm pt*x'§owmnm in terms a. 
bond stability and durability ( Section II 1 . 0 , ) «. 
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